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LETTER OF TRANSMITTAL. 



DEPARTMENT OP THE INTERIOR, 

Census Office, 

Washington, D. C, May 31, 1894. 

Sir: 

I have the hoQor to transmit herewith the Report on Agriculture by Irrigation in the western part of the 

United States, prepared by Mr. Frederick Haynes Newell, special agent, under the general direction of Mr. John 

Hyde, formerly special agent in charge of the division of agriculture. 

Very respectfully, 

CARROLL D. WRIGHT, 

Commissioner of Labor in charge, 

Hon. Hoke Smith, 

Secretary of the Interior. 



INTRODUCTION. 



BY F. 11. NEWELL. 



This report shows the relative importance of irrigation under the general heads of the Arid region, where 
irrigation is essential, and the Sabhumid region, where the rainfall in some seasons tempts the agricaltmist to 
depend upon a 'supply that fails to develop Iris crops in other seasons. 

In the lirst, or arid region, are embraced part or the whole of certain states and territories, namely: Arizona, 
California, Colorado, Idaho, Montana, Nevada, New Mexico, Oregon, Utah, Washington, and Wyoming. 

In the subhumid region are embraced parts of certain states, namely: North Dakota, South Dakota, Nebraska, 
Kansas, and Texas. 

The following condensed tables present the number of persons who irrigate their farms, aggregating 52,584; 
the acres irrigated, aggregating 3,564,416; the average size of irrigated farms for the regions treated, 68 acres^f 
the average value of products per acre for the arid region, $14.89, first distributed by states and territories for 
the arid region, and next by states for the subhumid region. 

TOTAL NUMBER, TOTAL AREA, AVERAGE SIZE, AND AVERAGE VALUE OF PRODUCT PER ACRE OF IRRIGATED 

FARMS IN THE ARID REGION. 



8TATK8 AND TKKRITORIIlS. 



Total. 

Arizona 

California . . 

Colorado 

Idaho 

Montana ... 

Nevada 

New Mexico 

Oregon 

Utah 

Waahiugton 
Wyoming .. 



Number of 

irrigators 

in 1889. 



52,584 



1,075 
13.ra2 
9.650 
4,?23 
3,706 
1,167 
3.085 
3,150 
9,724 
1,046 
1,917 



Area irri- 
gated in 1889,! 
in acree. 



3,564,416 

65,821 
1,004,233 
890.735 
217, 005 
350,582 
224.403 

91, 745 
177,944 
263,473 

48,799 
229,676 



Average 

size of 

irrigated 

farms. In 

acres, in 

1889. 



68 

61 
73 
92 
50 
95 

192 
30 
56 
27 
47 

119 



Average 
value of 
products 
pt^r acre 
in 1889. 



$14.89 



13.92 
19.00 
13.12 
12.93 
12.96 
12.92 
12.80 
13.90 
18.03 
17.09 
8.25 
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The table for the subhumid region does not show the value of products per acre. 



TOTAL NUMBER, TOTAL AREA, AND AVERAGE SIZE OF IRRIGATED FARMS IN THE SUBHUMID REGION. 



STATES. 



Number of Area irri- 
irrigators I gated in 1889, 
in 1889. , in acres. 



Totol... 

North Dakota 
South Dakota. 

Nebraska 

Kansas , 

Texas 



1.552 



7 
189 
214 
519 
623 



66,965 

445 
15, 717 
11.744 
20,818 
18.241 



Average 
size m 
irrigated 
farms, in 
acres, in 
1889. 



I... 



43 

64 
83 
55 
40 
29 
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IRRIGATION. 



The area irrigated by artesian wells was but 1.429 per cent of the irrigated land. The number of wells, the 
area they irrigated in each state and territory, with various details, appear in the following table: 

ARTESIAN WELLS ON FARMS IN JUNE, 1890. 



^ 
*/ 



Total 

California. . 
Colorado . . . 
Idaho 



KaiiBas 

Montana 

Nebraska 

Nevada 

North Dakota. 
Oregon 



STATES AND TERRITORIES. 



Tota. 
number. 



8,097 , 



South Dakota. 

Texaa 

Utah 



Washington 
Wyoming . . . 



3.210 

fiOG 

28 

59 

14 

91 

33 

461 

6 

527 

534 

2,524 

9 

5 



Average 

depth 

in feet. 



210. 41 



248.00 I 
351.00 I 

83.00 
202.00 
366.00 
247.00 
215. 00 
196.00 

70.00 
216.00 
292. 00 
146. V.O 
127. 00 
210. 00 



Average 

cost per 

well. 



$245. 58 

425. 00 
221.00 

53.00 
175. 00 
473.00 j 
173.00 I 
607.00 
265.00 ' 
250. 00 
158.00 
359. CO 

78.00 [ 
312.00 
456.00 



Average 1 
discharge 
in gallons I 
per 

minute. 



&4.43 



164.00 
39.00 
11.00 
44.00 
28.00 
13.00 

6.00 
21.00 
15.00 
51.00 
19.00 
26. 00 
89.00 

8.00 



WEU.S USED IN 
IRHIOATION. 



Per cent. 



Computed 
number. 



Acre« Total 

irrigated acreage 
pc^r well. ; irrigated. 



48.54 

64.17 ! 
57.85 ! 
50.00 
41.37 I 
42.85 

7.40 
60.00 

2.17 
51). 00 
13.46 
27.32 
48.49 



■ I ■ 



3.930 

2,060 

345 

14 

24 

6 

I 

20 

10. 

3 

71 

146 

1.224 



13.21 

18.63 

18.01 

13.21 

13.71 

3.00 

1.00 

1.00 

2.00 

4. CO 

6.68 

3.00 

4.74 



51,896 



38, 378 

6,213 

185 

329 

18 

7 

20 

20 

12 

474 

438 

5,8U2 






IRRIOATION IN THE WESTERN PART OF THE UNITED STATES. 



NUMBER OF FARMS AND AREA IRRIGATED. 

The area irrigated within the arid and subhumid regions in the western part of the Unite<l States during the 
census year ending May 31, 1800, aggregated \B^031«3§rjjCfes^ or 5,674.03 square miles, approximately four-tenths 
of 1 per cent of the total land area we.st of the one hundredth meridian. Of this irrigated area yerjm^rly 
two-thirds was devoted to the raising* of various kinds of forage. The total nnmber of irrigators was\54^136j or, 
more correctly, this was the aggregate number of farms or agricrultural holdings uix)n which crops were raised by 
means of irrigation. In this connection it may be well to note that the deiinition of a farm adopted for the 
purposes of the census includes ** all considerable nurseries, orchards, and market gardens, owned by separate 
parties, which are cultivated for pecuniary profit and emi)loy as much as the labor of one able-bodied workman 
during the year''. '*A farm is what is owned or leased by one man and cultivated under his care. A distant wood 
lot or sheep pasture, even if in another subdivision or district, is to be treated as a part of the farm, but wherever 
there is a resident overseer or a manager there a separate farm is to be reported ". Under this classification a 
person can have but one farm, unless the estate is so large as to require a resident farmer upon each tract. 

The following table gives the items mentioned above for each state and territory lying within the arid region, 
and also for the states largely within the subhumid region on the east, the statistics for these latter being grouped 
under the single designation '< subhumid region ": 

NUMBER OF IRRIGATORS, AREA IRRIGATED, AVERAGE SIZE OF IRRIGATED FARMS, AND AVERAGE VALUE OF 

PRODUCTS PER ACRE IN EACH STATE AND TERRITORY IN 1889. 



^ 



8TAT1£8 AND TERRITORIES. 



v««,iwo>- -r.^ Area irri- 

^rrW^Ji gated in 
irrigators. **-^«„ 



Total ' 54,136 

AriKona 1,075 

California ' 13,732 

Colorado > 9, 659 

Idaho 4, 323 

Montana , 3, 700 

Xevadu ', 1, 107 

New Mexico , 3. 0K5 

Oregon 3, 150 

Utah ' 9,724 

Washington 1, 040 

"Wyoming. * 1, 917 

Subhumid region 1. 552 



acres. 



3. 631, 381 



Average 

size of 

irrigated 

farms in 

acres. 



67 



Average 
valae of 
products 
per acre. 



$14.89 



65,821 , 


61 


13.92 


1.004,233 


73 


19.00 


890. 735 , 


92 


13. 12 


217, (H)ft 


50 


12.93 


350,582 1 


95 


12.90 


224,403 


192 


12.92 


91. 745 


30 1 


12. 80 


177, 944 


56 


13.90 


263,473 ' 


27 j 


18.03 


48,799 ' 


47 


17.09 


229,670 ' 


120 


8.25 


66.965 1 


43 . 





The average size of such portions of farms as were actually iiTigated was in acres. This is the result obtained 
by dividing the total area irrigated by the total number of holdings. This acreage was large, from the fact that in 
many of the states of the far west large areas of hay hinds were flooded, little care or attention being bestowed 
upon them. This was notably the case in Neva<la and Wyoming, and to a less extent in 3l6ntana and Colorado. 

The average value of prmlucts per acre from this irrigated land was $14.81), this being the quotient obtained 
by dividing the total >alne of all products <' sold, ccmsumed, or on hand in 1889'- by the number of acres irrigated. 
There was a tendency apparent from many of the returns received from farmers to underestimate the value of 
products and to overestimate the aeres irrigated. As a result the value of products per acre obtained in this 
way was far less than has been x)opularly supposed was obtained from irrigated lands. 

The term *' subhumid " is generally understood as applying to a portion of the (ireat Plains lying to the east of 
the arid region, and is so used in this report upon irrigation. As a matter of course there is on the western side 
of the arid region a strip of country which may be designated as subhnmid, but this area, on acconnt of the 
diversified topography, is comparatively narrow and restricted, since the arid region extends on the sontliwest to 
the shores of the Pacific ocean and on the* northwest to the Cascade range. For purposes of discussion the 
subhumid region is therefore considered as extending in a broad belt lying across the c(mntry in a north and 

1 
1000 ill 1 



2 IRRIGATION. 

south position and including portions of the states of North Dakota, South Dakota, Nebraska, Kansas, Oklahoma, 
and Texas. The western extremity of Texas lies far within the arid region, but since the greater part of Texas is 
subhumid, the irrigation statistics for the whole state have been placed in this category. 

The following table gives for these subhumid states the principal facts relating to irrigation, namely, the 
number of irrigators or holdings, the acreage irrigated, and the average number of acres in each holding. The 
average value of products has not been ascertained, since in these states, where some crops were raised by 
irrigation and others without the artificial application of water, it has been imix>8sible to discriminate between the 
products raised by these two methods of agriculture. The table shows in a general way an increase in the number 
of irrigators and in acreage irrigated from north toward the south, which is due largely to the fact that conditions 
of summer aridity increase with lower latitudes, and also to the greater density of population and more easily 
available water supply toward the south. 

NUMBER OF IRRIGATORS, AREA IRRIGATED, AND AVERAGE SIZE OF IRRIGATED FARMS IN THE SUBHUMID STATES 

IN 1889. 



STATES. 



Number 
of irri- 
gators. 



Total 1.552 

North Dakota 7 

Soatli Dakota 189 

NebraHka 214 

KaoAOs I 519 

Texas ' 623 



Area irri- 
gated io 
uereH. 



66,96r> 



Average 

sixe of 

irrigated 

farms in 

acres. 



43 



445 

15,717 
11.744 
20,818 
18, 241 



64 
83 
55 
40 
29 



The relative position of these irrigated areas in both arid and subhumid regions is shown on the accompanying 
plate, the small green patches, mainly along the streams, indicating the principal places where crops were raised 
by the artificial application of water. In size these patches of color are not comparable among themselves, as on 
the scale of the map it is impossible to rejjrevsent them in their true proportion, and where a number of small 
holdings or groups of holdings are near together they have been nin into one spot whose size is relatively too 
large. 

PERCENTAGE OF LAND STTRFACE IRRIGATED. 

The relative number of agricultural holdings on which irrigation was practiced and the proportion of these as 
regards area are shown in the appemled table. Omitting the subhumid states, in which irrigation may be considered 
as exceptional, the total area irrigated was 3,504,410 acres, or 5,509.40 square miles. This is almost exactly 
one-half of 1 per cent of the total land area of the statics and ten'itories within which irrigation was commonly 
X)racticed. In this comparison the area of 13 eastern counties of Washington and 10 eastern counties of Oregon 
has been taken instead of the total for the two states. The largest per(»entage by states was found in Colorado, 
reai^hing 1.34 per cent, and the smallest percentage irrigated among arid states and territories was in Arizona^ 
where the area was less than one- tenth of 1 per cent. 

AREA IRRIGATED IN STATES AND TERRITORIES WHOLLY OR PARTIALLY WITHIN THE ARID REGION. 



STATES AXD TEBRITOBIES. 



Total 



Arizona 

California 

Colorado 

Idaho 

Montana 

Nevada 

New Mexico — 

Oregon (o) 

Utah 

Wasbintfton (6) 
Wyoming 



AREA IRKIOATKI). 


; 


HULDI.S* 


iS CONTAIMNO lIlRHJATKr) 


AREA8. 




Per oont 

of entire 

laud Hur 

fuoe of 

1 Htato. 

1 


j Total 
number 
of farms 
on urn or- 
ated. 


T(»tal 
nnuil)er. 


Pop oont 
(»f unni 

ber of 
farmH in 

8tute. 


Total area 
in acren. 


1 


Acres. 


Per cent " 
of total 

area irri- 
gated. 


:J,564.41« 


0. .'■>(» 


123. 143 

1 


52, .V4 


42.70 


17. 199. 925 


20.72 

1 


C5. S21 


0.09 


1 420 


1.075 


75. 39 


152. 345 


43.21 


1.004,L'3:J 


1.01 


."•2. 894 


13. 732 


25. 96 


5. 622. (KM) 


17.86 


890. THf) 


1.34 


16.380 


9. <W9 


58.94 


2. 865. 000 


31.09 


217. JH)5 


0. 40 


6. 603 


4.323 


65. 47 


832. IXHI 


26.08 


350. 5S2 


o.:w 


5. 603 


3,706 


60.14 


1.520.85.3 


23. 05 


224. 41)3 


0. 32 


1. 277 


1.167 


91.39 


l.:»87.7«K) 


14.13 


91.745 


12 


4,458 


3, 085 


69. 20 


510.177 


17.98 


177. 944 


0. 3t) 


10. 159 


3. 150 


31.01 


1.120. CO:! 


1.'.89 

1 


263. 473 


0.50 


10 517 


9. 724 


92. 40 


l.liMJ.OOO 


22. 03 ' 


4«. 799 


0. 23 


10.692 


1.04C 


9.7S 


287. (KIO 


17.00 


229. 670 


0.37 

• 


3. 12.') 


1,017 


01.34 


1.50«.i<50 


15.24 , 

1 



a Sixteen eastern oountieH only. 



fr Thirteen eawtem oountiea only. 



GENERAL DISCUSSION. 3 

Considering the counties of these states in the order of the percentage of total area imgated, Boalder county, 
Colo., leads the li^*t with 14.04 per cent of its entire area cultivated by means of irrigation in 1889. Next comes the 
county south of this, namely, Jeflferson, with 7.42 per cent. Both of these are in the vicinity of Denver and at the 
eastern front of the liocky mountains, where the water supply is unusually large and convenient. The following 
10 counties contain the largest proportions of lands upon which crops were raised by irrigation in 1889: 

PKR CENT. • PEB CEXT. 

BoiiMor county. Colo U. 04 Salt Lake county, I'tab 5.0G 



Jeft'erson county, Colo 7. 42 

David county, Utah 6. 93 

Oranj?*» county, Cal 6. 72 

Weber county, Utah 5. 13 



Tulare county, Cal 4.71 

CuBter county, Colo 4. 56i 

Cache county, Utah 4. 43^ 

Weld county, Colo 4.3(^ 



PERCENTAGE OF NUMBER OF F^RMS IRRIGATED. 

• 

The'total number of farms euumerat^^d in the 11 western states and territories named in the preceding table 
was 123,143, omitting certain western counties of Oregon and Washington. In comparison therewith it has been 
found that 52,584, or 42.70 per cent, of those farms contained irrigated areas; that is to say, within the arid region^ 
or at least within the area bounded by state and county lines, and including the greater part of the arid region^ 
irrigation was practiced upon less than one-half of the holdings, which under the census classification were^ 
designated as "farms''. Of the remaining farmvS, on which inigation was not practiced, by far the greater number- 
were what are commonly known as cattle ranches, while on others crops were raised by dei>endence upon the^ 
rainfall. 

The largest proportion of irrigated farms to the total number was found in Utah, where over nine-tenths of the 
agricultural holdings contained irrigated areas. The smallest proportion was in Washington, the 13 eastern 
counties of which, although regarded as being in part, if not wholly, within the arid region, contained relatively a 
small number of irrigated areas, aggregating in fact less than one-tenth of the total number of farms. Arranging 
the states and territories in the order of the imi)ortance of irrigation as shown by this classification, the results 
obtained are : 

STATES AND TERRITORIES IN THE ORDER OF THE PROPORTION OF THE NUMBER OF FARMS IRRIGATED TO THE 

TOTAL NUMBER OF AGRICULTURAL HOLDINGS. 

PER TEXT. I PSB CENT. 

1- ^'tah • -92.46 • 7, Wyoming 61.34 

2. Nevada 91.39 \ g Colorado 58.94 

3. Arizona 75.39 9 Oregon (a) 31.01 

4. Now Mexico 69.20 iq California (6) 25. 9S 

5. Montana 66.14 n. Washington (c) 9.7& 

6. Idaho 65.47 



) 



a Sixt(>oii eastern ciMintie» only. b Inclading the whole ntate. (S«e following paragraph.) e Thirt«en eastern counties only. 

Consicleriiijr this table as a whole, it may be said that in the states and territories in the upper part of the list 
irrig:atiou was tin* rule, while in those toward the foot it had less importance, and in the case of Washington it 
may be considered as almost exceptional. The relative iwsitiou of California requires explanation, for in that state^ 
with its euormcms area and great diversity of topography, irrigation i)lays a peculiar part. In the northern and 
southern counties irrigation was practiced on a great majority of the farms, while in the counties near the center 
of the state, especially those bordering upon the bay of San Francisco or the Pacific ocean, it has been exceptional^ 
there being but few counties in the state where it is not practiced to a greater or less extent. If the bay and coast 
counties, 14 in number, are deducted, California takes a positicm above Oregon, thus standing ninth in the list 
instead of tenth, with a percentage of 48.05 of the farms irrigated. 

PERCENTAGE OF FARM AREA IRRIGATED. 

The total area of the 52,584 agricultural holdings of which a part was irrigated, as shown by the preceding- 
table, was 17,199,925 acres, or an average of 327.09 acres each. The total area irrigated was 3,564,410 acres, or 
20.72 per cent of the total area of these farms. In other words, in these 11 states and territories less than half 
of the farms contained irrigated areas, and of this latter number one flfth of the area was successfully irrigated* 
If now it is assumed that the average size of the agricultural holdings, 327.09 acres, derived as above from less 
than half of the farms, applies to the whole, 123,143 farms, the total acreage of these agricultural holdings would 
be 40,278,844 acres. 

In comparison with this t^)tal farm area of 40,278,844 acres the 3,504,410 acres of irrigated crop formed 
evidently only 8.85 per cent of the land owne4 by farmers within the states and territories designated. This is a 
significant fact, especially in comparison with the water supply, for it has been found ui)on a detailed examination 
of each county and locality that as a rule the greater part if not all of the easily available water supply has been 
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utilized, and in 1888 and 1889 the losses through drought were enormous, yet less than one-tenth of the land 
belonging to the farmers actually produced a crop by means of irrigation. It must be borne in mind, however, 
that a portion of the remaining nine-tenths, especially in the state of California, does not require irrigation, and 
that a still greater portion is unquestionably above the reach of water; but irom a careful consideration of the.^e 
figures it would seem as though all of the water supply of the arid region must be needed to properly irrigate the 
lands already owned by farmers and not fully utilized, provided that these lands are so situated as to be susceptible 
of irrigation. 

Comparing the states and territories among themselves as regards the completeness of iiTigation of the area 
of the farms which were wholly or in part cultivated in this manner, it is seen that Arizona stood at the head, with 
a percentage of 43.21, while Nevada came last, with only 14.13 per cent of the area of each farm irrigated. 
Arranging these in the order of this relation, the following result is obtained : 

STATES AND TERRITORIES IN THE ORDER OF THE PROPORTION OF LAND IRRIGATED TO THE TOTAL AREA OF 

LAND IN FARMS WHOLLY OR PARTLY IRRIGATED. 



PER CENT. 

1. Arizona 43.21 

2. Colorado 31.09 

3. Idaho 26.08 

4. Montana 23. 05 



PER CBNT. 

7. California 17.86 

8. Washington 17.00 

9. Oregon 15.^ 

10. W^yoming 15.24 



5. Utah 22.03 11. Nevada. 

6. New Mexico 17.98 ' 



14.13 




Jn-W^oniing and Nevada the agricultural holdings were generally very large, being used chiefly for stock 
raising; and, ITierefSoreTas might be expected, the irrigated portions from which crops were cut were but a small 
percentage of the whole area. Thus, although irrigation was essential, these divisions came near the bottom of 
the list. 

In the case of the subhumid states any comparison of the area of crop irrigated with the total area of the 
state would have little value, as irrigation is exceptional and is practiced in widely scattered localities. The following 
table shows the relation betw een the iiTigated area and the total size of the agricultural holdings on which this 
method of agi-icultnre was practiced. Taking the 5 subhumid states as a whole, only G.40 per cent of the farms 
owned by men who practiceil irrigation was actually cultivated in this manner. In comparing the percentages for 
the states, it is to be seen that these diminish in order from north to south, ranging from 34,77 in North Dakota, 
the highest, to 2.43 in Texas, the lowest. The small percentage in the latter state was due partly to the fact 
that irrigation was largely carried on by means of water from springs or wells, small areas of garden, fruit and 
shade trees, and forage crops being watered on each farm, even wliere field crops were raised by dependence upon 
rainfall. 

TOTAL AREA OF FARMS IN SUBHUMID STATES ON WHICH IRRIGATION W' AS PRACTICED, TOGETHER WITH AREA 

AND PERCENTAGE IRRIGATED IN 1889. 



STATES. 



Total 



Total area 
in acres. 



1,045,903 



Area irri- 
gated iu 
acn*8. 



Per cent 
irrigated. 



60.965 



6.40 



North DakoU 
South DakoU. 

Ncbraflka 

Kansas 

Toxa« 



1,280 

52. 466 

81, 305 

161,020 

749. 922 



445 
15, 717 
11,744 
20. 818 
18. 241 



34.77 
20.96 
14.44 
12.93 
2.43 



CHARACTER OF CROPS AND PROPORTION IRRIGATED. 

The character of the cr()i)s raised by irrigation is shown iu a broad way by the table on the following page, in 
which a classification has been made into two great gioups, comprising the cereals on the one hand and the forage 
and miscellaneous croj>s on the other, forage forming by far the greater part of this latter group. This table serves 
to show that over one-third of the area irrigated was devoted to cereals, namely, wheat, oats, Indian corn, barley, 
rye, and buckwheat, the importance of these products being in the order named. Of the remainder of the crop 
over 00 per cent consisted of forage, including various native and cultivated grasses, alfalfa or lucern, anil other 
clovers, also wheat, oats, and related cert»als cut before maturity- for I'orage purposes. The widespread practicre of 
using the cereals for hay, especially when owing to scarcity of water a fair (»rop of grain could not be produced, 
hasintroduceil considerable confusion in the returns, and in some instances caused the products per acre and their 
values to api)ear remarkably small. The irrigated areas devoted to fruits are included with miscellaneous ctx>ps, 
since, although of great value, they form but a relatively small percentage. 



GENERAL DISCUSSION. 

GENERAL CHARACTER OF CROPS IN THE ARID REGION IRRIGATED IN 1889. BY STATES AND TERRITORIES. 



STATES AND TERRITORIES. 



Total . 

Arisona 

Califoniia... 

Colorado 

Idaho 

Montana — 

Nevada 

New Mexico 

Oregon 

Utah 

Waahington 
Wyoming. . . 



Total 

acreage 

irrigated. 



3,564.416 



FORAGE AND MISCELLA- 
NEOUS CROPS. 



65.821 
1, 004, 233 
890, 735 
217, 005 
350,582 
224, 403 

91, 745 
177, 944 
263, 473 

48.790 
229, 676 



Per cent. 



65. .-^l 



65.82 
47.22 
70.25 
70.97 
78.61 
93.32 
'36. 78 
69.99 
56. 35 
57.99 
91.73 



Acres. 



2,328,016 



43, 321 
474, 2:^ 
625. 735 
154,005 
275,582 
209. 403 

33, 745 
124.544 
148,473 

28.299 
210, 676 



CEREALS. 


Per cent. 


Acres. 


34.69 


1,236,400 


.-_ -- — ^ 


r^ r =: 


31.18 


22,500 


52.78 


530,000 


29. 75 


265,000 


29.03 


63,000 


21.30 


75,000 


6.68 


15,000 


63.22 


58.000 


30. 01 


53.400 


43.65 


115,000 


42.01 


20,500 


8.27 


19,000 



Throughout the arid region as a whole over 80 per cent of the crop area, including as a matter of course the 
forage plants, was irrigated, but at the same time there were counties lying well within this great region where as 
high as from 20 to 40 per cent of the area cultivated was utilized without the artificial application of water. 
Examples of this were found in northern Utah, where, as in the Cache and Malade valleys, large area« were 
profitably cultivated by what is known as *' dry farming". The large size of the counties and the restricted areas 
in which agi'iculture has been conducted render figures somewhat misleading in detail, as, for example, in the 
southeastern corner of California, in San Diego, San Bernardino, and adjoining (rounties, in which the statistics 
obtained apply only to the regions near the coast, where from 20 to 60 per cent of the crop areas were irrigated. 
The greater portion of these counties, that lying east of the mountains near the coast, can produce nothing 
without wat^r artificially applied. On both sides of the main body of arid lands, as might be inferred, there were 
counties in which the greater i)art of the crop area was not under irrigation, and beyond or adjacent to these the 
areas in which this method of agriculture was not in use. Along the border and even well within the arid region 
there were localities where it was impossible to draw the line sharply between areas irrigated and those not 
watered, es];)ecially where on one farm part of a given crop was iirigated and the other part not. Many farmers 
have learned that thorough cultivation will often compensate for scantiness of precipitation, and when, as was 
the case in 1889, droughts were general and water was ditticult to obtain, portions of the fields were dry farmed. 

VALITE OF LAND AND CROPS. 

The average value of the land upon which crops were raised by irrigation, and the average value of the 
products per a<jre are shown in the table on the following page, these averages being obtained by dividing total 
values by the number of acres for which values were given; that is to sjiy, in cases where the returns of farm 
values of products were deficient, the acreage was omitted in order to obtain the averages, it being assumed that 
these few cases did not differ materially from the mean of all others. For the 11 states and territories given the 
average value of the irrigated land, including improvements, such as fences and buildings, was $83.28 per acre, 
ranging from $31.40 per acre in Wyoming uj) to $150 per acre in California. The total value of this irrigated 
laud and its improvements thus obtained was $296,850,000. 

The average value of products for the 11 states, $14.89 per acre (to nearest figure), multiplied into the number 
of acres, gives in round numbers a total of $53,057,000. This average value has been obtained, as above stated, by 
taking all the cases in which definite returns were made and assuming that they represent the general condition. 
In the case of the states and territories where crops are raised on the same farm both with and without irrigation 
it is exceedingly difficult and not unfrequently impossible to discriminate between them. 
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VALUE OF IRRIGATED LANDS IN ARID REGION IN 1890 AND OF THEIR PRODUCTS IN 1889. 



8TATB8 AND TEBBITOBIS8. 



Area 

irrigat4%d 

in 1889 

in acres. 



VALUE OF FARMS ON 
JUNE 1,1800. 



Average 



-^ ;*'"»»" Toul value, 
value per t^H^^rS ' 



acre. 



eHtimated. 



VALUE OF PRODUCTB 
IN 1888. 



Average 

value per 

acre. 



Total value, 
eHtimated. 



Total 



Arisona. .... 
California — 

Colorado 

Idaho 

Montana 

Nevada 

New Mexico. 

Oregon 

Utah 

Washington . 
Wyoming 



3,5<M,416 


1 $83.28 


$296,850,000 
3,204.000 


$14.89 


$53,057,000 


05, 821 


48.68 


13.92 


916,000 


1,0U4,233 


150.00 


150, 635, 000 


19.00 


19,080,000 


890, 735 


67. 02 


50, 096. 000 


13.12 


11,686,000 


217, 005 


46.50 


10,091,000 


12.93 


2. 806, 000 


350, 5«2 


' 49.50 


17, 354, 000 


12.96 

1 


4,544,000 


224,403 


41.00 


9, 200, 000 


' 12.92 


a2, 899. 000 


91, 745 


' 60.98 


4. 677, 000 


12.80 


1,174,000 


177,944 


57.00 


10, 143, 000 


13.90 


2. 473. 000 


263, 473 


84.25 


22, 198, 000 


18.03 


4,750,000 


48,709 


! 50.00 


2.440.000 


17.09 


834,000 


229.676 


31.40 


7, 212, 000 


8.25 


1.895.000 



a The actual value uC farm ]»roductH for the Htatcof Nevada as returuetl on th*^ agricultural nchedulea wa.s $2,705,660. The excess of the estimate in the 
above table is probably accounted for by the omi.ssion of valuations from many irrigated farms in which the only crop wai> alfalfa and other forage eaten by cattle, 
and which were not reported to the enumerators. 

SIZE OF FARMS. 

In a comparison of the relative size of irrigated holdings in various localities the fact brought out most 
prominently by a study of the census returns is the large size of the areas devoted mainly to the raising of forage 
crops, as, for example, in Nevada, Montana, and Wyoming. On the other hand, in those localities where irrigation 
was highly advanced, and the products were of more than usual value, the iiTigated holdings were small. The 
condition of the water supply, and the density of settlement entered often to modify this generalization, the irrigated 
areas being large where water was abundant and the population was scattered. 

In order to examine into the average size of the majority of irrigated areas, and to eliminate the results 
produced by the existence of large tracts of land owned by a few men, the table showing "relative number and 
size of irrigated farms" has been prepared, in which the irrigated holdings have been classified according to size. 
The larger areas have been placed by themselves, thus idlowing the far greater number of moderate sized holdings 
to be considered independently. For this classification 160 acres, or a quarter section, has been taken as the basis, 
and for simplicity, all irrigated holdings or parts of holdings under 160 acres in area have been called throughout 
this report " small farms ", and those of 160 acres or over have been designated as ** large farms", it being understood 
that these terms apply only to the areas irrigated and not to the total holding of each individual, so that if a farmer 
owned 640 acres and irrigated 40 acres, the latter number was the one considered and it was classed as a small farm. 

Out of the 54,136 holdings upon which crops were raised by irrigation in the census year there were 4,595 in 
which the area irrigated was 160 acres or upward, the total of the same being 1,802,605 acres, or 49.64 per cent of 
the whole amount irrigated; that is to say, 4,595 persons, or 8,49 per cent of those irrigating, owned very nearly 
one-half of the total area irrigated. The great majority of irrigators, 91.51 per cent, irrigated 1,828,776 acres, or 
an average of nearly 37 acres each, against an average of 392 acres upon which crops were raised by irrigation by 
the few large owners, 

RELATIVE NUMBER AND SIZE OF IRRIGATED FARMS. 



STATES AND TERRrrOBIES. 



Total. 



UNDER 160 ACRES. 



160 ACRES AND UPWARD. 



Arizona 

California 12, 

Colorado 8, 

Idaho 4. 

Montana 3, 

Nevada 

New Mexico 3, 

Oregon 2, 

Utah j 9. 

Waithington i 

Wyoming ' 1, 

Subhamid region I 1. 



Number. 



40,541 



996 
595 
227 

no 

130 
823 
022 
890 
641 
994 
614 
493 



Total irri- 
gated area 
in acreH. 



1, 828, 776 



43, 165 

382,850 

451. 215 

159, 528 

174, 009 

47, 812 

72,009 

101, 788 

237, 616 

31,943 

79.962 

46,819 



Average 
size in 
acres. 



37 



43 
30 
55 
39 
56 
58 
24 
35 
25 
32 
50 
31 



Per cent 

of total 

area. 



50.36 

65.58 
38.12 
50.66 
73.51 
49.63 
21.31 
78.55 
57.20 
90.19 
65.46 
34.82 
69.92 



Number. 



4,505 

79 

1,137 

1,432 

213 

576 

344 

63 
254 

83 

52 
303 

59 



Total irri- 
gated area 
in acres. 



1,802.605 

22,656 

621,383 

439, 520 

57, 477 

176. 573 

176, 591 

19, 676 

76. 156 

25. 857 

16,856 

149.714 

20, 146 



Average 
size in 
acres. 



392 



287 
547 
307 
270 
307 
513 
312 
300 
312 
324 
494 
341 



Per cent 

of total 

area. 



49.64 

34.42 
61.88 
49.34 
26.49 
50.37 
78.69 
21.45 
42.80 
9.81 
34.54 
65.18 
30.08 



GENERAL DISCUSSION. 



AH the cases in which 160 acres or upward of crop (large farms) were irrigated, have been tabulated (see table 
following) under three headings, namely, those of from 160 to 320 acres, those of from 320 to 640 acres, and those 
of 640 acres and upward, these figures, as before stated, applying not to the total acreage of the agricultural 
holding, but only to that portion upon which crops were raised by the artificial application of water. 

Taking the irrigated areas of 640 acres and upward, the following table shows that they numbered 411, with an 
aggregate area of 724,147 acres, or an average of 1,762 acres each. The 411 individuals or corporations owning 
these irrigated lands constituted three-fourtlis of 1 per cent (0.76) of the number of irrigators and held 19.94 per 
cent of the total area. 

KELATIVE NUMBER AND SIZE OF LARGE IRRIGATED FARMS (160 ACRES AND UPWARD). 



STATES AND TEHBITORUES. 



Total 

Arizona 

Califumia 

Colorado 

Idaho 

Montana 

Nevada 

New Mexico 

Oregon 

Utah 

Washington 

Wyoming 

Sabhomid region 



160 TO 320 ACRES. 



Kamber. 



Total irri- 
gated area 
in acres. 



3,242 



57 
738 
1,113 
172 
421 
201 

46 
192 

65 

36 
161 

40 



671, 161 

I 10,454 

, 152, 542 

, 224, 518 

34. 751 

' 88,994 

46, 556 

10.2C2 

38,736 

13,234 

7,599 

35,370 

8,195 



Average 
size in 
acres. 



207 



320 TO 040 ACBK8. 



Number. 



Total irri* Average 
gated area ! size in 
in acres, i acres. 



942 



407,307 



183 I' 
207 I 
202 ' 
202 I; 
211 > 
232 
222 I 
202 I 
204 
211 
220 ! 
205 ' 



15 

243 

244 

34 

123 

91 

14 

49 

13 

11 

93 

12 



6,515 

103,488 

103, 845 

14,036 

51,986 

41,494 

6,460 
21, 110 

5,555 

4,615 
42,780 

5,423 



432 

434 
426 
426 
413 
423 
456 
461 
431 
427 
420 
460 
452 



640 ACRES AND OVER. 



N amber. 



411 



7 

156 

75 

7 

32 
52 

3 
13' 

5 

5 
49 



Total irri- 
gated area 
in acres. 



724,147 



Average 
size in 
acres. 



1,762 



5,687 
365,353 
111, 157 

8,690 
35,593 
88,541 

3,014 
16, 310 

7,068 

4.642 
71,564 

6.528 



812 
2,342 
1,482 
1,241 
1.112 
1,703 
1,005 
1,255 
1.414 

928 
1.460 

933 



The facts given in the two preceding tables are exhibited graphically in the following figure, which gives the 
percentage of total area of farms of each class to the area of all farms irrigated. The black portion of each line 
indicates the percentage which the total area of irrigated farms of under 160 acres each bears to all the land 
irrigated. For example, in Utah, New Mexico, and Idaho the small irrigated farms predominated, their aggregate 
being in excess of that of the larger farms. On the contrary, in Nevada, Wyoming, and California the large 
irrigated farms, though being as a matter of course less in number, surp^i^sed in aggregate area those under 160 

DIAGRAM ILLUSTRATING CLASSIFICATION OF IRRIGATED FARMS ACCORDING TO SIZE. 
Western United States.. PBBBBIP^|l|||^iWBW PBBBBBB5S$g?g%g?%g ggt^^ 

Arizona 

California 

Colorado 

Idaho 

Montana 

Nevada 

New Mexico 

Oregon 

Utah 

Washington 

Wyoming 

Subhnmid region 




i 



8 



IRRIGATION. 



acres iu size. The doubly crosshatched portion of each line or bar shows the percenta£:e of area of fanns of from 
160 to 320 acres each, and the single crosshatcbing the percentage of those of from 320 to 640 acres each, while 
the open portion gives the proportion of those of 640 acres or upward. In Nevada, for example, the 52 large 
irrigated farms surpassed in area those of any other of the classes above enumerated, being considerably over a 
third of the total irrigated area. 

COST OF IRRIGATION. 

The statistics concerning acreages and value of land and products were taken from the enumerators' returns 
for each agricultural holding. Other facts now to be discussed have been obtained by direct correspondence with 
farmers by means of special schedules addressed to each irrigator. These schedules contained questions intended 
to cover facts concerning the location of irrigated land, the character of the water supply, the cost of irrigation, 
methods of using the water, necessity of irrigation, the use of artesian wells and pumps, also the location of canals 
or irrigating ditches, size and cost, and mc^thods of distributing the water. In all about 30,000 replies have been 
received, and from these, after proper tabulation, certain averages have been drawn, the principal of which are 
shown in the following table: 

AVERAGE COST OF IRRIGATION AND CULTIVATION. 



STATES AM» TSKRlTORIE!». 



Total 

Arizona 

California 

Colorailo 

Idaho 

Montana 

Nevada 

New Mexico 

Oregon 

rtah 

Was'bington 

Wyoming 

Subhumid region 



Average i 
Aral cost of 
water ' 
rights per 
acre. 


Average 

value of 

water rights 

per acre in 

1890. 


Average 

annual cost 

of water 

per acre. 


. .A vrrHKO 
first COHt I 

per acre of 
preparation! 
for cultiva- 
tion. 1 


$8.15 


$26.00 
12.68 


$1.07 
1.55 


1 
$12.12 


7.07 


8.60 ' 


12.95 


39.28 


1.60 


17.48 


7.15 


28.46 


0.79 


9.72 


4.74 


13.18 


0.80 


9. 31 


4.63 


15.04 


0.95 


8.29 


7.58 


24.60 


0.84 


10.67 , 


5.58 


18.30 


1.54 


11.71 : 


4.G4 


15.48 


0.94 


1 12.59 


10.55 


26. 84 


0.91 


' 14.85 ' 


4.03 


13. 15 


0.75 


1 10. 27 , 


3.62 


8.69 


0.44 


8.23 


4.07 


1 14.81 


1.21 


4.62 



As shown above, the average first cost of bringing water to the land throughout the entire arid and subhumid 
regions has been $8.15 per acre. This average was derived from the statements of all persons who have 
constructed ditches, or have purchased water rights from others. It included all cases from those, on the one 
hand, where the farmers dug or plowed small ditches leading from the river or (Tcek to their land, to those, on the 
other, where the irrigator purchased the right to take water from some Uirge canal, and embraced all the 
intermediate conditions where water was obtained through cooperation of neighboring landowners or through 
partnerships of farmers. The fact that a person has used water upon a certain number of acres entitles him in 
many localities to certain rights or privileges. It has become customarj' to tenn ]>roperty of this kind a "water 
right", and the first cost of applying the water to the land can be considered as the cost of this ** water right". 

In the different states and territories there was a wide range in this average first cost of applying water to 
the land, or of the water right. The highest average was in California, where the most thorough and expensive 
systems for saving and distributing water have been constructed. The lowest wa« in Wyoming, where enormous 
areas have been covered with water by means of ditches quickly and cheaply constructed by means of plow and 
8crai)er, the average cost in this latter state having been a little over one-f(mrth of that given for California. 

The average value per acre of these water rights, wherever they could be considered independent of the 
value of the land, was $26. This was the average of the values given to this privilege or property by the owners 
of water rights or of independent ditches. In many localities, however, owing to the scarcity of water or to other 
causes, the water right can not be taken from the land without depriving the latter of its entire value, for without 
a water supply the land is worthless. In such cases the entire value inheres in the water right, and if it is assumed 
that the average value of the land was $83.28 per acre, at least $80 of this, and ])ossibly more, must be attributed 
to the water right. Taking those cases in which water rights were transferable and were sold or treated like 
other pieces of property, the apparent enhancement to the creator of these rights has been the difference between 
$26 and $8.15, or $17.85 per acre. 



GENERAL DISCUSSION. 9 

Besides the first cost of water, namely, the expense of constructing ditches from the stream or the cost of shares 
in some irrigating canal, the irrigator must pay annually a small amount or must expend some labor in order to 
repair the ditches and keep them in good order, the amount being often only a few cents per acre. AVhere he 
takes water from some larger canaU especially one owned by a corx)oration, he may be compelled to pay a larger 
sum, that will not only cover the cost of keeping the canal in repair, but will also pay interest on the investment, 
Salaries of officers, and other items of expense. In the aggregate this often amounts to $3 or even more per acre. 
Averaging all the statements as to the annual cost of water, the result for the entire arid and subhumid regions 
was $1.07 per acre. 

Since the greater part of the irrigators owned the small ditches used for bringing water from the streams to the 
land, having built such ditches at points wliere the c<mditions were most favorable for construction and maintenance, 
the annual cost of keeping them in repair has been small, much less than it would have been under other conditions. 
For example, with the construction of larger irrigating works designed to carry water to land farther away from 
the streams and to overcome more or less serious obsta<jles, the first cost of irrigation was usually great^er, as was 
also the annual cost, on account of the heavy interest upon the original investment, and also from the fact that 
salaries and other items of expense not entering into the operation of the small ditches were included. 

The average cost of bringing the land under cultivation beyond the expense for water, but including fencing, 
was, according to the statements of the farmers, $12.12 per acre, ranging from $4.G2 per acre in the case of the 
subhumid states to $17.48 per acre in California, the difference being due both to the configuration and character 
of the ground and to the amount of labor spent in preparing it for the various kinds of crops. For example, in most 
of the states where the cost of cultivation was low the ground originally was nearly barren, and there were no plants, 
except, perhaps, sagebrush, to be femoved. In cases where the expense of preparing the ground for cultivation 
was great, either the ground was rough and uneven, requiring more or less leveling in order that the water might 
be applied economically, or it was covered with willows and other small trees, requiring considerable labor before 
the fields could be brought into arable condition. W^bere fruit trees and vines were to be planted great expense 
has often been incurred, especially in California. 

TOTAL INVESTMENT AND ENHANCED VALUE. 

By making use of the averages of cost and value as given in the preceding table and applying them, with 
proper modifications, to the acreage irrigated, it is possible to arrive at certain conclusions as to the amount 
invested in irrigation works and in lands cultivated by irrigation, also as to the value of the same and the enhanced 
value realized by the owners of lands and water rights. The results obtained are shown in round numbers 
in the three following tables. In the cases of Nevada and Wyoming a mean value has been substituted for the 
average first cost of water for each state, from the fact that the average first cost of bringing water to the land in 
Nevada, owing to peculiar circumstances, applied to the land which was under a comparatively high state of 
cultivation, and not to the hay lands, while in Wyoming the reverse was the case. 

In the table on the following page, under the head of '* Cost ", is given the total first cost of bringing wat^r to 
the land irrigated during the census year, that is to say, this is in round numbers the sum of the amounts 
obtained by multiplying the acreage irrigated by the average first cost of obtaining Water, or of water rights, as 
given by the irrigators. It may also be considered iis the investment in time and money in the construction of 
irrigating systems in use during the census year, under the broad assumption that each system was employed to 
its full capacity. In such cases, however, as those in which a canal* furnished water to only a small proportion of 
the irrigable lands, only a portion of the total cost of the canal would be repi'esented in the totals shown. 

The total first cost of irrigating the designated land was for the entire arid and subhumid regions $29,611,000, 
this being the amount, as stated above, presumably invested in productive irrigation works. The total value of 
the works or of the rights thus created, assuming that the statements of the farmers apply to all cases, was 
$94,412,000, showing an apparent increase of $04,801,000, or 218,84 per cent. As to the total cost of the irrigation 
works or the expenditures for irrigation upon lands which for one reason or another were unproductive, it is 
impossible to obtain reliable estimates. Statements and conjectures have been made by interested parties, but 
they have no foundation so far as can be ascertained beyond the personal impressions of the individuals making 
the statements. 
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TOTAL APPROXIMATE COST OF PRODUCTIVE IRRIGATION SYSTEMS AND THEIR VALUE IN 1890. 



8TATBS AND TEBRITORIB8. 



C08t. 



Valae in 180U. Increase. 



I 



Total 



Arizona... 
California. 
Colorado.. 
Idaho 



$29. 611, 000 $04, 412. 000 $04. 801, OOO 



Montana 

Nevada 

New Mexico 

Oregon 

Utah 



Washington 

Wyoming 

Subhamid region 



465,000 


828.000 1 

• 


363,000 


13, 005, 000 


39,446.000 


26. 441. 000 


6. 369, 000 


25, 350, 000 


18, 981, 000 


1,029,000 


2,860.000 


1,831,000 


1, 623. 000 


5, 273, 000 


3, 650, 000 


1. 251, 000 


3, 714, 000 


2, 463, 000 


512, 000 


1,679,000 


1, 167, 000 


826,000 


2,755,000 1 


1, 929, 000 


2, 780, 000 


7. 072, 000 


4,292,000 


197.000 


642,000 


445.000 


1, 281, 000 


3,801,000 1 


2. 520. 000 


273,000 


992,000 1 


719, 000 



The results shown in the foregoing table apply to irrigation constructions or rights considered apart firom the 
land. As a matter of fact, in the vast majority of cases, it is practically impossible to separate land values in the 
arid region and assign to them a certain sum, for the value of the land is inseparably bound up with the question 
of water supply. 

In considering what may have been the first cost of the irrigated land upon which crops were raised in the 
census year it is necessary to assume a sum representing the purchase price of the wild or desert land, the cost of 
bringing water to the land, and that of cultivating the soil, building fences, and performing other necessary 
operations. The following table gives in round numbers the acreage under discussion multiplied by the probable 
first cost of the three items per acre. It also shows the total value of this same land, as given previously, and the 
diflferen<;e or increase in value to the farmer or owner of these irrigated areas. From the table it api)ears that 
the total first cost of this land, excluding the subhumid states, was $77,490,000, and the value, as derived from the 
statements of a majority of the owners, was $296,850,000, showing an increase of $219,300,000, or 283,08 per cent, 

FIRST COST OF IRRIGATED AREAS IN THE ARID REGION, INCLUDING WATER RIGHTS, AND THEIR VALUE IN 1890. 



STATES AND TERBITOBIE8. 



Total. 



Arizona... 
Culifornia 
Colorado. . 



Idaho. 



Montana 

Nevada 

New Mexico. 

Oregon 

rtah 



Washington 
Wyoming... 



First cost. 


Value on June 
1, 1890. 


Increase. 


f77, 490, 000 


$296,850,000 


$219,360,000 


1,114,000 


3,204,000 i 


2,090.000 


31, 814, 000 


150,635,000 


118,821,000 


16, 140, 000 


59.696,000 


43,556.000 


3, 320. 000 


10,091,000 ' 


6,771,000 


4,968.000 


17,354,000 


12, 366, 000 


3,905,000 


9,200,000 


5,295.000 


1,701,000 


4, 677, 000 


2,976,000 


3,288,000 


10,143,000 , 


6,855,000 


7.022,000 


22,198,000 


15, 176. 000 


759,000 


2,440,000 


1, 681, 000 


3, 459. 000 


7,212,000 


3, 753, 000 



The total amount expended eiich year in maintaining systems of irrigation may be assumed, for purposes of 
comparison, to be represented by tiie total acreage irrigated multiplied by the average exi)enditure per acre as 
reported by the irrigators. This is given in round numbers in the table on the following page, and the total value 
of products as previously shown is phieed in comparison with it. The dift'erence represents a net value of 
products from the irrigated land, or the sum by which the irrigator must reimburse himself for his labor and 
expenses and for interest on the capital invested. This table shows that $3,794,000 was the probable amount 
expended during the census year at least for maintenance of canals and ditches, or 12.81 per cent of the amount 
previously assumed as the tlrst cost of these systems. 
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TOTAL COST OF WATER AND OF MAINTAINING DITCHES IN THE AMD 1CEGIQK IN 1889-0800, AND TOTAL VALUE OF 

PRODUCTS OF IRRIGATED LANDS IN 1889. 



STATES AND TBRRITORIES. 



Total 



Arizona . . 
California. 
Colorado . . 
Idaho 



Montana 

Nevada 

New Mexico 

Oregon 

Utah.. .... 



Washington 
Wyoming... 



Total 008t •^ 
of water. 



|3,794«000 



102,000 
1,607,000 
704,000 
174,000 
333,000 
188,000 
141,000 
107,000 
240,000 
37,000 
101.000 



Value of 
produota. 



$53,057,000 

915,000 

10,080,000 

11,686.000 

2,806,000 

4,544,000 

2,890,000 

1.174,000 

2, 473, 000 

4, 7.50, 000 

834.000 

1. 895. 000 



Difference. 



$40,263,000 



814,000 

17.473,000 

10, 982, 000 

2,632,000 

4.211,000 

2,711,000 

1,033,000 

2,306,000 

4, 510, 000 

797,000 

1. 794, 000 



COST OF IRRIGATING C.'ANALS. 

Classifying irrigating canals and ditches according to tbeir widths, it has been found that for those averaging 
less than 5 feet in width the expense of construction, including headworks, flunies, and other adjuncts, was $481 
X)ermile; for those 5 feet in width and under 10 feet, $1,628 per mile; and for those 10 feet or more in width, 
$5,603 per mile. The greater number of the irrigating systems of the country have been constructed under such 
eonditions that the owners can not give even an approximate estimate as to what they really cost. Many of them 
have been built by the efforts ot a few farmers, acting originally in partnership, and have been enlarged from year 
to year as more land was brought under cultivation and population increased. Farmers as a rule have not kept 
account of the amount of labor or money expended on such works, and in cases where they owned the irrigating 
ditches they have not taken into consideration the labor expended upon the ditches at times when farm work was 
not pressing. 

The average cost per mile of the three classes of irrigation works is given for each state and territory in the 
following table, which exhibits the variations in cost due to difference in topography, thoroughness of construction, 
and accidental circumstances. California heads the list as to cost. The differences in cost were due largely to the 
condition of development of irrigation, the states where the methods were crude and simple generally showing a 
less average expenditure, although the existence of one or two great works has introduced apparent departures 
from this rule, 

AVERAGE COST PER MILE OF CONSTRUCTING IRRIGATING CANALS AND DITCHES 



STATES AND TEBRITORIBS. 



General average 




Arizona 

California 

Colorado 

Idaho 

Montana 

Nevada 

New Mexico 

Oregon 

Utah 

Washington 
Wyoming. . . 



Under 5 
feet in 
width. 



$481 



5 to 10 feet 
in width. 



10 feet and 
over in 
width. 



471 
885 
380 
205 
325 
200 
310 
260 
493 
285 



Subhtimid ro<;ion 



303 



$1,628 

1.674 

5,957 

1,131 

810 

800 

1,150 

581 

1,060 

1,025 

1.236 

837 

447 



$5,603 



5.274 
15,511 
5,258 
1,320 
2,300 



6,666 
1,300 
3,072 
2,571 
3,884 
1,884 



WATER SUPPLY. 

Facts concerning the water supply for irrigation have been ascertained in a general way by correspondence 
with irrigators and owners of canals and ditches, mainly by means of special irrigation schedules sent to all parts 
of the west. Obviously it is not possible in this way to obtain exact statements, for data as to the amount of 
water available or utilized for irrigation can be obtained only by means of* measurements made by engineers 
skilled in such matters. The average irrigator has very indefinite notions concerning the amount of water flowing 
in streams, especially in those of considerable size, and in fact it is almost impossible for any person who has not 
made a specialty of such matters even to approximate such quantities with success. 




12 IRRIGATION. 

As a general statement it may be said that throughout the arid region there is hardly a stream of small size 
from which water can be conducted readily upon arable laud that has not been utilized to its full capacity during 
the summer season. To increase the area under irrigation it will be necessary either to use greater economy in 
employing the water, so that it will cover larger areas, or to store the flood aud waste waters of the nonirrigating 
season. A great increase in the acreage cultivated can come also by the construction of expensive works to divert 
the water of large rivers upon lands which can not be watered except by the expenditure of a large amount of 
capital, Takin^the country as a whole, there are very few localities, if any, where, as in the past, a farmer can 
divert waterujiclai med by ^thers^and by means of a simple ditch constructed by himself and his neighbors bring 
Tifs farm~under irrigation? 

From the replies of irrigators throughout the country, it is apparent that in 1888 and 1889 there was a 
deficiency of water supply for the laud then under cultivation along most of the streams. By a comparison of all 
the facts it is evident that, taking the past decade as a whole, there was an unusually large amount of w^ater in 
the streams in 1885 and 1886, and that this amount decreased year by year, although by no means constantly in 
all localities. Thus it happened that while the area under irrigation was rapidly increasing, the water supply as a 
whole decreased, and during the years of drought, namely, 1888 and 1889, and in some localities 1890, there was a 
general loss of crops upon irrigated lands, due to the fact that a larger acreage was tilled than could be irrigated 
by the methods in use. 

Not only was there loss of crops in many counties, but the areas which were irrigated and from which crops 
were obtained did not in many instances receive a sufficient amount of water to produce large or satisfactory 
results. Many statements have been made that, owing to insufficiency of water during the last part of the 
season, some of the cereal plants were cut for forage or were hardly worth the gathering. 

The simple fact that the area which can be irrigated is dependent upon the amount of water flowing in the 
streams is often ignored in general discussions of irrigation and its possibilities. It is often taken for grautetl 
that because along some river there are vast areas of fertile land, some of which has been irrigated profitably 
larger and larger area« will, with the progress of settlement, be brought under cultivation to an indefinite extent, 
the assumption being tacitly made that since the river drains a large area its w^aters must be proportionately 
abundant. It is unfortunately the case that many of the rivers of the arid region occupying a prominent place 
upon the map carry a very small amount of water for a part of the year, and this water is all utilized or 
needed for the land now wholly or in part under cultivation. 

DUTY AND VALUE OF WATER. 

The duty of water is the term used to express the relation between the quantity of water used in irrigation 
and the area upon which it is employed. If a given stream flowing at the rate of 10 second-feet irrigates throughout 
the season 1,000 acres, it is said that the duty of water is 100 acres to the second-foot. A second-foot of water is 
the quantity represented by a stream 1 foot wide and 1 foot deep flowing at the average velocity of 1 foot per 
second. The duty, as might be inferred, differs very widely with the character of the water supply, the methods 
of enqdoying it, the character of the soil and crops, and perhaps more than all with the skill and experience of the 
irrigator. It is necessary, however, to assume certain averages in order to ascertain the value of flowing water. 

The average duty of water most widely accepted is that originally taken by Powell (a) as 100 acres to the second- 
foot. In practice some irrigators undoubtedly reach a higher value and others a lower one. Throughout the arid 
region there is a popular expression of ''1 inch to the acre"; that is to say, water flowing in a stream of moderate 
size will irrigate at the rate of 1 miner's inch to the acre. The miner's inch is a variable quantity, depending u\K>n 
the method of measurement and the character of the ap(Tture through which the water flows. In many of the 
states most of the details of measurement are defined by statute, but even then there is often uncertainty. For 
practical purposes, however, it may be a^ssnmed that in California 50 miner's inches equal 1 second-foot, and in 
("olorado and adjoining states 40 miner's inches, or even less, are equivalent to the same. This rate of 1 miner's 
inch to the acre, therefore, would give an extremely low duty of only 40 or 50 acres to the second-foot, but it is 
probable that in many localities where there is an ample water supply it is used as freely as this. The saying is so 
common that the majoritj'^ of the irrigators who have formed any opinion on the subject have given this as the 
common practice. Nevertheless there can be little doubt that a higher duty is generally obtained. 

Ui>on the new lands of TtJih, Idaho, and Montana it is i)robable that the duty of water averages about 70 acres 
to the second-foot, and that it can be reiuiily brought up to 100 acres. In California, in localities where water is 
scarce and great care is taken in using it, the duty has been found to be 200 acres or more, in exceptional cases 
rising to 500 acres or over, this high water duty being obtained usually in the case of orchards, in which the water 
is condu<^ted by pipes to each tree. The state engineer ot Colorado in the fifth biennial report estimates the duty 
of water of certain streams at from 168 to 424 acres per second-foot, using in this conneetion the acreage estimated 
by the water commissioners. By substituting the acreage from which crops were obtained as shown by this census, 

a Report on tbe landn of the artd region of the United Stiite«, with n more detailed account of the landti of Utah, by J. W. Powoll. Second edition, 
Washington, 1879, page 8. 
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the duty lias beea found to be A-om 00 tii 200 acres to the aecoud-foot. This high duty of water is iinquestiouably 
due tu the fact that some of the water retunis by seepage to the stream and is ascd a second time. As a conservative 
estimate, as well as a convenient one, 100 acres to the second-foot may be considered iis tlie average duty which 
has been obtained under favorable conditions and by the employmentof ordinary skill on the part of the irrigator. 
By taking a definite Quantity to represent the duty of vater, \'iz, 100 acres to the second-foot, and by 
ascertaining the average value of this water to the lantl, it is possible to obtain some conception of the value of 
the water resources of the cimntry. Taking the average value of the water right as ^26 per acre and the average 
first cost as $8.15 per acre, the difl'ereuce, $17.85, can be considered as the value of the Howing water tu each acre. 
If then 1 secoud-foot irrigates 100 acres, its value under these assumptions is $1,785. Thus, for example, a small 
river or creek carrying througliout the irrigating season 100 secoud-ieet should be worth at least $178,.'iOV. 

BAJNKAI.L. 

lu any discussion of irrigation it is essential to make reference to the quantity and character of precipitation, 
fbr this governs not only the questions as tonecessityof artificially applying water, but also throws some light ujran 
matters of water supply. Tlie data comrerning rainfall have been so carefully collected nud published by the United 
States Signal Service that it is sufficient to refer to its reports. In order to show in concise manner some of the 
principal facts several diagrams have been prepared giving graphically the annual and mean monthly niinfall 
at various i)oints in the western half of the United States. The first of these, entitled "Annual rainfall at 
important stations in the western part of the United States", exhibits by a series of vertical lines tlie relative depth 
of rain at difi'erent points through a series of years. These are arranged in a rude geographic order, thestations given 

DIAGRAM OF ANNUAL RAINFALL AT IMPOKTANT STATIONS IN THE WESTEEN PART OF THE UNITED STATES. 




OD the left hand side of the sheet being those near the Pacific coast and those on the right band on the great plains of 
the Mississippi basin. The great liuctnations year by year are shown by the varying heights of these vertical lines 
or columns and also the irregularity orlack of uniformity. It is i>ossib!e to pick out one or two years dnring which 
there was unusually large or small precipitation at most of the stations, but these are rather exceptional than 
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otherwise. In 1884, for iustaiice, the precipitation at a number of places was above tlie average and in 1885 
less; but taken as a whole the plate illustrates the fragmentary charac^ter of even the best of the data and the great 
irregularity in annual rainfall. 

The next plate, on the contrary, is characterized by a great uniformity, since it has been constructed from 
averages of from 15 to 20 years. It exhibits the average rainTall by months, the stations being arranged, as in the 
other plate, with regard to their geographic position. A prominent fact seen on this x)latey as on the preceding, is 
the small amount of rainfall at the stations well within the arid region, but })erhaps the most striking feature is 
the gradual change in distribution of rainfall throughout the year found in proceeding from one side of the diagram 
to the other. On the east, in the Great Plains region, the greatest rain occurs in the summer months, while in the 
west, near the Pacific ocean, the summer is the time of diminishing rainfall, succeeded by the annual drought. In 
the center, as, for example^ at Fort Bridger, the rainfall is fairly evenly distributed or somewhat irregular. It is 
also interesting to compare the minimum rainfall shown at Yuma, Ariz., with that at Portland, Ore. 

General A. W. Greely, Chief Signal Officer, has classified the distribution of rain ju'cording to months under a 
number of curves (/i) typical of certain portions of the country. These curves, placed one above the other, bring 
out clearly the great difference in the distribution of i>recipitation between California and Colorado, and show that 
although in some i)oints in California there may be a greater annual rainfall, yet the quantity of rain which falls 
during the summer is exceedingly small, and in order to save the trees and vines it becomes as necessary to irrigate 
as in regions of less annual precipitation. 

In the present report, under the description of states, the quantity and distribution of the rain will be ftirther 
discussed. Throughout the greater part of the arid region there have been relatively few points where rainfall 
measurements have been made, and these have been mainly in the vicinity of cities and towns of considerable size. 
Concerning the precipitation on the great mountain areas, from which the important streams come, little is known. 

ARTESIAN \VELLS. 

A small amount of water used for irrigation is obtained from artesian wells, and therefore the census 
enumerjators were instructed to include these within the agricultural schedule. By a tabulation of the returns it 
has been found that in the states and territories fonning the western part of the United States there were 8,097 
artesian wells upon farms in June, 1890. The artesian wells southeast of Minneapolis, 8ui)plying many cities and 
towns of Wisconsin and northern Illinois, as well as i)oints more distant, do not enter into this discussion. The 
wells' considered were in Kansas, Nebraska, North Dakota, South Dakota, Texas, and the states and territories 
west of them. Out of this total number of 8,097 wells, statistics concerning the depth, cost, discharge, and other 
features were obtained for 2,971, or 3G.69 per cent. From this latter number of wells, fairly distributed in each 
state and county, averages have been drawn, which, when applied to the whole number, give the results shown in 
the following table: 

AKTESIAX WELLS OS FARMS IN .lUNK, 1890. 



ISTATKS AMI TKKUITnKIh>«. 



Total 
number. 



depth 111 
feet. 



Aversig«» 

fOHt ]u*r 

>vell. 



I Average 
' discharge 
111 gullons 
per iniimU^ 
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Per eent. 



Compiitod 
number. 



Averace I rr. .„• „^„ 
areairrrpa.,.T^^;'^^«« 
ted per well "^"„^*^^ ^° 

in acres. 



acreb. 



Total 



California 

Colorado 

Idaho 

Kansas 

Montana 

Nebraska 

Nevada 

North Dakota. 

Oregon 

South Dakota. 

Tvxan 

I'tab 

Washington . . 
Wyoming 



H. 091 



210.41 



$24'). :>8 



3A. 43 



48.54 



3.930 



13.21 



51.896 



n,2io 


24«.00 


425. 00 


161.00 ; 


64.17 


2,060 


18.63 ; 


38.378 ; 


.■iUC • 


251.00 


221.00 


39 00 


57. 89 


345 


18. 01 1 


0,213 ' 


2S 


8;{. 00 


53.00 


11.00 


50. 00 


It 


13. 21 1 


185 


i9 


202. 00 


175 00 


44.00 1 


40.68 


24 


13. 71 1 


329 


14 


360.00 


473. 00 


28. 00 


42.80 


G 


3.00 


18 


HI 


247. (H) 


173.00 


13.<10 


7.69 


7 


1.00 


1 


:53 


215. 00 


007. 00 


6.00 1 


00.61 


20 


1.00 


20 


461 


196.00 


20,"). 00 


21.00 ' 


2.17 


10 


2.00 1 


20 





70. 00 


250. 00 


15. 00 


50.00 


3 


4.00 


12 


527 


216. 00 


158.00 


5i.00 


13.47 


71 


6.68 ' 


474 


5:u 


292.00 


359. 00 


19.00 


27.34 


140 


.3.00 


438 


2. 524 


146.00 


78.00 


20.00 


48.49 


1,224 


4.74 


5,802 


9 , 


127.00 
210.00 


312.00 
450.00 


89 00 l|. 
h.OO i. 










.*» 




............ 







o Some of these are shown diagraraiuatioally ill his report upon irrigation and water !*tora^e. luiblixhed «h H«»uHe Kxe<',utiv«- Doeuinent Ko. 287, Fifty -first 
Congress, second sesKio»i 
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This table shows that 3,930 wells, or 48.54 per cent of the total number on farms, were employed in irrigation, 
watering 51,896 acres, or an average of 13.21 acres per well. Over one-half of those wells were in the state of 
California, irrigating 38,378 acres, or 73.95 per cent of the total area irrigated by flowing wells. The average 
discharge of the whole number of wells was 54.43 gallons per minute, or 0.121 cubic foot per second or second-foot. 
This gives a water duty of 1 second-foot to 109.17 acres; that is, the water flowing from these wells has irrigated 
on an average 109.17 acres per second-foot. The average depth of these wells was 210.41 feet, and the average 
cost was $245.58, or $1.17 per foot for all depths and conditions. Taking as the average discharge 54.43 gallons 
per minute, or 0.121 second-foot, the cost of the water would be $4.51 per gallon' per minute, or $2,029.59 per second- 
foot. Taking the figures just given for the duty of water, namely, 1 second-foot for 109.17 acres, the average cost 
of irrigating an acre has been $18.59. The average cost of water per acre by ordinary means of irrigation, as 
derived from the statements of irrigators throughout the entire country, was $8.15, or 43.84 percent of the cost by 
artesian wells. This, it should be borne in mind, is the average cost of water from successful wells. To arrive at 
the actual cost due allowance should be madefor many attempts, aggregating perhaps thousands, to obtain flowing 
water without success. The total number of these can not be ascertained, for failures in this line aresoon forgotten, 
but the amount expended annually by individuals, cities, towns, and corporations in fruitless attempts must be very 
large. 

At an average cost of $245.58 per well, the 8,097 wells represent an aggregate investment of $1,988,461.26. 
The total depth drilled or bored in making these flowing wells was 1,703,689.77 feet, or 322.67 miles. The total 
amount discharged by all these wells was 440,719.71 gallons per minute, or 981.93 second-feet, nearly four-fifths of 
the discharge of the Eio Grande at Del Norte, Colo., for 1890, and a trifle less than that of the Weber river above 
Ogden, Utah, for the same year. 

The amount of water discharged by artesian wells is so small that it has been found convenient to employ a 
smaller unit of measurement than in the case of rivers and <Teeks. The quantities in the latter case are usually 
expressed in cubic feet per second or second-feet. For artesian wells the far smaller imit often employed in regard 
to city supply, the gallon per minute, is used. A gallon per minute equals 0.002228 second-foot, and, conversely, 
1 second-foot is equivalent to 448.831 gallons per minute, 1 cubic foot being equal to 7.48052 United States standard 
gallons. A third unit of flowing water is in popular use, namely, the miner's inch, but this, as previously stated, is an 
indefinite quantity, varying according to the method by which it is measured, in some localities 40 and in others 
50 miner's inches making a second -foot. In this discussion tbe gallon per minute, since it is in common use, is 
employed. 

An artesian well flowing at the rate of 100 gallons per minute, or 0.2228 second-foot, will in 1 day discharge 
0.4419 acre-foot; that is, it will cover 0.4419 of an acre 1 foot in deptli, or 1 acre that fraction of a foot in depth, 
and in 1 year will discharge 161.29 acre-feet. In other words, if all this water could be saved, this number of acre^ 
would be covered 1 foot in depth. At the average discharge of 54.43 gallons per minute a well during 24 hours 
discharges 0.2405 acre-foot, and in 1 year will discharge 87.79 acre-feet. All of the wells at this rate in 1 year 
would discharge a total of 710,835.63 acre-feet. 

In the following table the number of wells in each county is given, together with the depth of the deei)er and 
shallower wells, the 'W^^age depth, cost, and discharge in gallons per minute of those wells for which statistics 
were obtained : 

ARTESIAN WELLS, DEPTH, COST, AND FLOW, BY STATES AND TERRITORIES AND COITNTIES. 



COUNTIES. 



CALIFORNIA. 



DEPTH IX FEET. 



I 



Total !; 
number. 



Total.. 

Alamecla.... 

Bntt« 

Colusa 

Contra Conta 
Fresno 

Inyo 

Kern 

Lake 

Lassen 

Los Angeles. 

Merced 

Moilw 

Monterey ... 

Orange 

Plumas 



Shallow. Deep. Average.! 



3. 210 
~ 34 

1 I 
47 

I 
1 
89 ' 

*^ I. 

627 

112 

12 

60 

649 , 
150 



4U 



300 
50 

200 
20 

170 
56 
60 
26 
60 



Average 
cost. 



I 



450 



248 

195 

800 

1,000 



72 1,200 



1,100 
160 
304 
600 

700 

280 

189 

.- 450 

1, 132 



562 

20 
.•)51 

81 
297 
187 

326 
143 
136 
147 
550 



$425 

401 
2.000 



1.179 



1.489 

90 

355 

394 

431 
295 
152 
209 
165 



Aver- 
age 
floi* in 
gallons 

per 
minute. 



164 

62 
4 



1 



1.072 

59 

4 

192 

65 

15 

3 

110 

40 



COUNTIES. 



Sacramento 

San licnito 

San Bei-nardino . 

Snn Diego 

San Lnis Obinpo. 



San Mateo 

Santa Barbara. 
Santa Clara ... 

Santa Cruz 

Shasta 

Sierra '.... 



Siskiyou .. 

Soluno 

Sonoma ... 
Stanislaus. 
Tularo .... 
Ventura... 



CALIFORNIA— Continu«Hl. 



DEPTH IN FEET. 



! Total 
.namber.l 



4 

117 

:toi 

00 

II 

50 
22 
460 
33 
1 
49 

1 
1 
2 
] 
139 
115 



Shallow. 



29 

G5 

108 

74 

80 
75 
50 
80 



45 



76 



50 
15 



<29 
700 
380 
124 

252 
147 
740 
184 



1.130 



Deep. Average.!' 



315 ' 



l.OfiO i 
225 



170 
112 
280 
137 
209 
458 

700 
250 
195 
408 
587 
149 



Aver- 
age 

Average I flow in 
cost, gallons 
I per 
, minute. 



75 


$25 


111 


i 188 


191 


1 493 


212 


' 353 


101 


84 



505 
112 
555 
307 
543 
136 

1,500 



532 

800 

1,362 

287 



157 

2m 

112 
4 

106 

7 

31(r 

139 

4 
47 

133 



6 

2 

409 

73 



J 
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ARTESIAN WELLS, DEPTH, COST, AND FLOW, BY STATES AND TERRITORIES AND COUNTIES— Continued. 



COUNTIK8. 



ToUl. 



Arapahoe 
Boulder . . 
CoD(\io8 . . 
CoKtilla . . 
Douglas . . 



Jeffersou . . . 

Pneblo 

Rio (irande 
Saguache... 



Total. 



Bingham 
Oneida . . 



Total. 



Bourbon.. 
Haiuiltoii . 
Meade — 
Mort4>ii... 
Xemahii . . 



Total. 



CaHcade 
Cuater . 



Total. 



Cedar 

Dixoii 

Holt 

Kiu>x 

McPhersou. 



Total 



rhnrrhill 
Douglas.. 
LaiidiM' . . . 
()m»Mby .. 
Waehoc . . 



COLORADO. 



Total 
number. 



DEPTH IN FEET. 



Shallow. Deep. Average 



Average 
cost. , 



596 

185 
3 

184 

70 

5 

'} 

50 
90 



II - 



251 



$221 



Aver- 
age 
flow iu 
gallons 

per 
minute. 



30 



COUNTIES. 



136 

249 

40 

30 



858 I 
600 
478 
500 



400 
416 
146 
250 ' 



420 

775 

70 

117 



13 

120 

23 

26 



Total, 



Crook . . 
Gilliam. 
Harney 
Wasco . 



76 
110 



235 
426 



55X I 1 . 100 

772 ' 1,800 

136 103 

267 , 2ti5 



21 
140 



Total. 



IDAHO. 



28 



15 
13 



90 
50 



150 
100 



83 

120 

77 



53 



37 
58 



11 

13 
10 



Beadle 

Bonbomme 

Clay 

Davison... 
Grant 



HanMon 

Hutcbinsou 
Jerauld — 

Lincoln 

McCtiok .... 



KANSAS. 



59 



202 



175 



44 '< 



Miner ... 
Sunborn . 
Turner . . 
Yankton 



6 i 
44 
1 • 
1 



103 
50 



620 

'jio 



442 


753 


14 


275 


400 


20 


153 


46 


49 


700 


825 


30 


14 


20 .. 





Total. 



MONTANA. 



14 



12 



366 

160 
400 



473 

350 

488 



Bandera. 

Bell 

B««xar . . . 
BotHiue . . 
Brazos . . 



28 

- — i 

6 

26 I 



Burleson . . . 

Burnet 

Corvcll 

Dallas 

Denton 



NEBRASKA. 



91 



24: 



173 



13 



Dewitt . . . 
Dimmit . . 

Ellis 

Galveston 
Gonzales . 



36 


255 


550 


388 


261 


14 ' 


4 


170 


300 


254 


92 


45 


42 


50 


185 


99 


48 , 


7 


8 


400 


604 


491 


6s6 


17 


1 






28 ■ 


35 


1 




NEVADA. 


- 


! 







Grayson... 

Havs 

Hood 

flack 

Johnson... 

Lavaca 

Mclennan 
Palo Pinto. 

Parker 

Kt'cvea 



33 

2 
2 

20 
5 
4 



64 
KM) 



750 
150 



215 

300 
150 
200 
125 



607 

1.750 
175 
2.'>8 
150 



6 



3 

8 



HobcrtMon, 
Somervt'll . 
StephcnH .. 
Tarrant ... 
I'valdr . ... 
Victt>ria... 



Total. 



NOliTII DAKOTA 



461 



OREGON. 



DEPTH IN FEET. 



Total I I i Average 

number.i . I cost. 

Shallow. Deep. Averasje. I 



6 



o 

1 
o 



ro 



$250 



Aver- 
age 

flow in 

gallons 
per 

minute. 



15 



104 
21 



150 



51 



10 
20 



SOUTH DAKOTA. 



527 



I 



1 

6 

150 

10 

12 

50 
11 
2 
12 
11 

66 
92 
30 
74 



512 


736 


205 


500 


97 


288 


30 


117 


70 


315 


3 


154 


32 


70 


85 


195 



60 

60 

24 

225 



TEXAS. 



284 
600 
340 
645 



216 

850 
655 
311 
172 
59 

174 
83 

799 
47 

133 

133 

110 

82 

375 



158 , 

1,800 ' 
1.172 
120 I 

188 ; 

33 I 

160 . 

92 
635 

23 
105 

94 
124 

47 
219 



51 



600 
219 

55 
3 

17 

260 

26 

3 

3 

41 

16 
89 
18 
38 



534 

1 

10 
10 
22 
15 

12 
2 
27 
66 
32 

6 

10 

27 

5 

3 

1 
1 
10 
5 
8 

1 
G 
3 
11 
I 

120 

AH 

10 

49 

3 

3 



292 



359 



128 



500 



180 
228 

400 
87 

240 
65 

134 

55 

98 

165 



780 
470 

600 
97 
330 
262 
684 

100 
165 
276 



200 
50 
70 



240 
200 
**72 



104 
268 
.57t 
434 
330 

500 
92 
325 
153 
350 

67 
151 
217 
400 
284 I 

180 

131 ' 

222 I 

105 ! 

171 : 



80 
192 
KOO 
702 
407 

i:i8 
92 
325 
2(K) 
387 

88 
284 
200 
800 
548 

275 
200 
222 
129 
166 



450 



640 



4:?5 


1,700 


552 


743 


.'>46 


700 


70 


60 


185 


350 



105 
93 

ii:» 

80 
1<»3 
825 



UTAH, 



750 
350 
156 
>73 
110 
946 



464 
211 
]30 
>07 
106 
896 



189 
221 
100 

288; 
200 
,333 



19 



2 

100 
34 

4 

4 
1 
5 
3 
3 

11 
2 
3 

40 
2 

60 

43 

4 

20 

24 



60 

11 
36 
6 
10 
10 
120 



Total 2.524 



146 



78 



Cass 

Dickey 

Grand Forks. 

Pembina 

Kaniscv , 



Richland . 
Sargent .. 
Stutsman 
Traill .... 
Walsh . . . . 



KM) 

1 
20 
12 

1 

104 
o 

I 

170 

50 



35 


514 


40 
120 


217 
175 


34 
125 
1 . 


4,50 
610 


96 

im 


440 

208 



196 

169 

1.087 

142 

154 

1,511 

121 
367 
1,523 
212 
175 



26.', 



235 

4, 0O() 

20.1 

18(r 



192 
962 



277 
201 



21 

6 

1,700 
34 
14 
00 

12 

1 

167 

11 



Hox elder . 
(^uhe .... 
Davis .... 

•Juab 

MillanL.. 
Salt Lake 



:u 


54 


203 


73 


33 


410 


492 


30 


425 


«* 

1 


85 


00 


26 


132 


250 


501 


27 


320 



Sanpete 
S'vier . . 
Summit 
T«>oeh!. . 
Utah ... 
Weber . 



• *»*•• I ' 



233 
14 
1 
133 
495 
515 



33 
60 



215 
100 



40 
3i> 
50 



580 
432 
330 



115 
157 
160 
8?< 
153 
116 

103 
60 
165 
135 
145 
167 



53 
112 
76 
03 
83 
107 

30 
31 
150 
12«> 
65 
73 



26 

•J/ 
12 
i.l 
.)J 
4 
32 

20 
11 

38 
3) 
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ARTE8IAX WELLS, DEPTH. COST, AND FLOW, BY STATES AND TERRITORIES AND COUNTIES— Continued. 



WASHINGTON. 



COUNTIES. 



ToUl , 
number. 



Total. 

Spokane — 
Whitman . . 



9 

1 
8 



DEPTH IN rxET. > Aver- 

i ag© 

! Average; tlow in 
cost . gallons 
[Shallow. Deep. Average. per 

minute. 



127 

130 
126 



$312 

230 
X>2 



89 



14 
100 



COOTIES. 



WYOMING. 



DEPTH IN FEET. Avor- 

I ■; age 

Total I !i Average flow in 

number, i < ,, coat, gallons 

; Shallow. Deep. Average.' per 

' minute. 



Total 

Albany 

Sheritlan . . 



210 



4 
1 



8 



$45fi 



510 



161 
500 



414 
625 



15 
1 



/ 



The artesiau areas are widely scattered, and individually they are of small size, excepting those in North 
Dakota, South Dakota, and California, where the artesian conditions extend over several hundred square miles. 
Each of these areas will be discussed or mentioned in its appropriate place in the following pages. / 

By far the greater number of the artesian welte in the west have been put down within the last decade, there 
being comparatively few which have been in existence for 10 years. In California, however, cases are reported 
where wells have been flowing for 20 or even 30 years, the discharge not having decreased except through the 
interference of other wells. The success attained in sinking wells in some of the valleys of California and Colorado 
leil to a widespread interest in such matters, and since 1884 attempts have been made to secure flowing water in 
the majority of counties of the western part of the United States. 

Many cities and towns have devoted money to experimental drillings, and in a few instances state governments 
have favored such works by legislation or by direct appropriation. Tlie national government in the early part of 
the past decade paid for the sinking of two wells upon the Great Plains, both of which were without success so far 
as flowing water was concerned. Perhaps the largest amount of experimental work has been done by railroads, 
whose need for pure water for locomotives has led to drilling a number of deep wells along their lines. Owners of 
cattle also, both as individuals and corporations, have spent large amounts of money in putting down deej) wells 
in remote parts of the (X)uutry in the hope of obtaining water for stock. In the aggregate a vast amount of 
experimental work has been done, and from the knowledge obtained in this way and by study of the geological 
structure the extent of conditions favorable for artesian wells is fairly well known. 

The geological conditions favoring the existence of artesian wells are found in nearly every state considered, 
although in restrictied areas. The most notable basins are in North Dakota, South Dakota, California, Texas, 
Colorado, and Utiih; their importance as regards area and amount of water delivered being approximately in the 
order named. These areas, outlined by successful wells, are small compared to the total land surface of each state, 
a possible excepti<m to this rule being in the case of North Dakota and South Dakota, where artesian water can 
apparently be obtained over perhai)s one-fourth of these states, pro\iding that wells are drilled to a depth 
sufficiently great. 

Comparatively few artesian wells have been jmt down for irrigation alone, and the utilization of the water in 
raising crops has been what may be termed an afterthought of the owners. The greater number of the wells were * 
drilled primarily for the purpose of obtaining drinking water, but since the amount consumed in this way must be 
small, even insigniflcant, the large surplus is available for other uses. Thus it is that, although the exi)ense of 
irrigation from artesian wells is in many instiinces so great as to appear to be prohibitory, yet as other more 
important ])urposes are served and the water otherwise would be wasted, it results that irrigation by this method 
is profitable, especially for intensive agriculture. 

Tlie advantages of artesian water for irrigation lie mainly in tlie matter of convenience and independence of 
the owner. Having a well on his own land, subject to his exclusive <*ontrol, the irrigator can employ the water 
when he pleases without waiting for his turn, as iii the case of the farmer taking water from a company ditch. On 
the otlier hand, however, although he can obtain the water at all times, it comes, except in the case of a few 
remarkable wells, in a very small stream, so small that it requires great care and patience to conduct it from point 
to point. The dry soil drinks up this little stream with a ra])idity almost as great as that with which it comes, so 
that many instances are reported where the fanner has beiiii unable to carry the water more than 200 feet from the 
well. The temperature of the water, especially from the shallow wells, is usually low, from 40 to 50 degi^ees 
fahrenheit, varying very slightly throusfhout the year. On a hot summer's day this water, if ai)plied at once, might 
injure the vegetation. 

For these reasons, namely, the small size of the stream and the low temperature of the water, it has been found 
advantageous wherever possible to build small reservoirs in which the water from the well can accumulate and 
become warmed by the sun. By this means a large quantity of water, warmed nearly to the temperature of the 
air, can be turned at once upon the fields in a stream suflftciently large to force its way from point to point, rapidly 
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18 IRRIGATION. 

wetting the surfa<5e with comparative uniformity. In considering the cost of irrigation by artesian wells, therefore, 
the expense of constructing and maintaining a small reservoir should not be overlooked. Unfortunately, in many 
cases reservoirs are not feasible, either on account of peculiarities of the surface or because the water from the well 
does not rise to a height sufficiently great. 

Artesian water is generally regarded as having less value for irrigation than water from rivers and creeks, 
from the fjict that the latter usually contains a large amount of silt, which is believe<l to enrich the land. Well 
water, on the other hand, is almost always clear, although it sometimes carries a large amount of mineral salts in 
solution; the artesian waters ranging from those almost as soft as rain water to the strongest brine. When water, 
although containing but a small amount of saline matter, is used for irrigation, the salts left by evaporation 
gradually become concentrated, and may reach a point, especially if great care is not taken, where they completely 
destroy vegetation. This also is the case with nmuy river waters, and may be obviated to a certain extent by 
thorough cultivation of the soil and proper management. 

The majority of artesian wells are upon low grounds, the water only rising slightly above the level of the 
bottom lands of the valleys. This, as regards irrigation, is especially unfortunate, from the fiiet that these lower 
grounds are often below irrigating canals and are to a gTcater or less extent wet by the seepage from the canals or 
from the rivers. W^herever the i)ressure is sufficient to lift the water to lands upcm the benches or sides of the 
valley above irrigating dit<)hes the water has unusual value," but these cases are rare. In si)ite of this fact, 
however, flowing wells even in countries covered with a network of canals are valuable, from the fact that they 
furnish thnmghout the year a continuous supply of watei suitable for domestic purposes and for cattle. During 
the winter time especially, when the wnter is turned out of the irrigating ditches, the artesijin wells prove of gieat 
service. 

The development of the known artesian areas by the sinking of new wells has proceeded rapidly. The 
examination of statements from the owners of artesian wells demonstrated unmistakably, however, that the 
majority of wells show a gradual decrease in the amount flowing from them. Many wells do not exhibit a 
perceptible change in this regard, but the number in which shrinkage has occurred is sufficiently great to justify 
an examination into the causes prevailing in eacli basin or at ea(*h group of wells. This decrease in discharge has 
often resulted from mechanical imperfections in the construction of the well, which end in clogging or injury of 
the tubing or casing or in filling the lower part of the well with fine sand. 

A more serious cause of diminution of flow^ is that due to loss of liydrostatic pressure resulting from an increase 
in the number of wells or from pumping one or more of them. The water in the i)ervious sands or gravels can never 
be completely exhausted by artesian wells or even by pumping, but it is comparatively easy to make the openings 
so numerous and hirge that water no longer has an opportunity of accunmlating in the higher parts of the bed to 
an amount sufficient to exert great pressure at points lower on the dip of the beds. 

Examples of the injury or even total destruction of artesian wells by increase in tlie number, or by reckless 
drilling through the confining strata, are to be seen in many parts of the country. The decrease of flow or complete 
stoppage of many wells of the Denver basin is well known. In ("alifornia, along the coast south of San Francisco, 
are a number of small artesian areas where wells have been flowing for many years. The result of putting down 
new wells within the second half of the past decade has been that many of the older wells have stopi)ed flowing 
excei)t at times of high tide or during the rainy season. In fact, it is comparatively easy to find wells in any of 
the older basins which flow only during the winter. Legislative protection against interference w^th this valuable 
class of property is in many states essential in order to prevent its complete destruction. 

The largest and probably the most permanent artesian areas of the country, namely, those of North Dakota, 
South Dakota, and Texas, lie east of the arid region and within that part of the debatable ground known as the 
subhumid, where irrigation is larely necessary, although often of great benefit. On account of the fact that good 
<!rops are often raised by dependence upon rainfall, it has been diflicult to convince the farmers within these artesian 
areas that irrigation can b(^ made profitable or pra<'tieable from th(»sc wells. Even within the arid region few 
artesian wells have been put down by farmers primarily for irrigation, and it is doubted whether this can be 
profitably done (except in instances where it has already been i)roved beyond a doubt by neighboring wells that a 
large artesian flow can be obtained. The risk and cost involved are often too great to justify the experiment. In 
unex])lored territory t\w chances of striking flowing water are against the i)rospector, for even if the geological 
structure is favorable, the beds may be comi)aratively impervicms to water, or it may not rise to the surface, or, 
as is often the case, it may be strongly saline. The expense of maintenance also in the case of wells delivering pure 
water is occasionjilly a notable amount, owing to the ne<*essity of keeping them clean or of repairing accidental 
injuries. 

The efficiency for irrigation of the water from artesian wells varies widely with the <jharacterof the crops, soil, 
and climate. The greater part of the water is used upon small gardens in the vicinity of houses, and for fruit and 
shade trees, for watering lawns, and for raising grass either for pasturage or for hay. Toward irrigating the 
ordinary fiehl crops, such as wheat, rye, oats, and corn, water from this source has been employed to only a small 
extent. As will be seen by examining the figures previously given, the number of acres irrigated per well in eaeh 
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state is by no means proportional to the discharge. In Oalitbrnia and Colorado, for iustance, approximately the 
same number of acres per well are irrrigated, although in the case of the former the average discharge is over 
four times as great as in the latter. This ditterence is traceable to the character of the soil and surrounding 
circumstances, the discrepancy arising from the fact that in the San Luis valley in Colorado the wells irrigated 
large areas of laud in the immediate vicinity of canals, where the ground water stood comparatively near the 
surface, htuI thus the small amount from an artesian well was very eflfective, while in some of the other states the 
grouiu. .1 tlie vicinity of the well was dry to such depths that it drank up the water with astonishing rapidity. 

RESKKVOIKS. 

In various parts of the country attempts have been made to increase the amount of water available during 
the irrigating season by means of storage works holding a portion of the Hood waters until most needed. 
Gieat interest has been shown in the development of these works, and their necessity is attested by the 
popular discussions of the advantages to arise from tlu^ir construction. There is hardly a i^ount}' in the whole 
arid region in which there are not a number of sites at which it has l)een proposed at one time or another 
to construct a reservoir. I Unfortunately, however, experience has proved that the natural advantages for the 
profitable construction of storage reservoirs are not widely distributed, and there are few places in any one state 
where under present conditions it will pay to hold water. As a usual thing the localities pointed out are deficient 
in storage capacity or are so located that a perfectly safe dam can not be constructed with reasonable outlay. 
Progress therefore in the increase of water supply by this means has been and must continue to be slow, rc^lative 
to the d(»velopment of systems for distributing water. In certain parts of the country, for example, in Colorado^ 
many snmll reservoirs have been built by farmers for the jairpose of holding water for individual use, but the 
aggregate capacity of these is almost insignificant. 

Tiie best known storage works of the country are probably the Sweetwater reservoir of the San Diego Land 
and Town C(»ni])any; tlie Cuyamaca reservoir of the San Diego Flume Company; the Bear Valley reservoir, 
belonging to the Bear Valley Company (these three being in southern California); Lake Yosemite, near Merced^ 
( -al., and the Castlewood reservoir, near Denver, Colo. In addition to these there are a number of other works in 
]>rocess of <*.onstruction or projected, notable among these being the Hemet Valley dam, the Arrowhead works of 
southern (California, and the Pecos dam, in southern New Mexico. 

Besides the reservoirs mentioned above, which are wholly artificial, there arc througlumt the west a number of 
lakes used to a certain extent as storage works. In the case of the larger of these lakes the natural fluctuations 
of water level are almost beyond control, and tlie evaporation from the surface is usually far greati^r than the 
amount of water utilized. The largest of these are Utah lake, inl'tah; Bear lake, in Ctah and Idaho; LakeTahoe, 
in California and Nevada; Clear and Eagle lakes, in California. It is probable, also, that Goose lake, in Oregon 
and California, c<mld be used, as well as Klamath lake, by the construction of suitable outlets. A ccmiparison of 
these large bodies of water with the wholly artificial reservoirs is hardly possible, since the area of the former is 
nearly 100 times as great. 

MKTHODS OF t'ONDrCTTNG \VATEU. 

Water is usually brought from the running stream or reservoir by means-of-^^^en-ditcbes or canals built on a 
grade sucli that it shallikigi^'eely. Many considerations have to be taken into acctmnt in determining the tTiTTof" \^^ 
the ditch. As a general rule, the less the grade the more land the ditch will command at a given number of miles 
from the head, but, on the other hand, a canal of gentle grade recjuires a larger <a*oss section than one of more 
decided slopi*, and if the velocity of the water is snmll the channel may be entirely choked by aquatic plants. Too 
great a sloi)e, however, results in the washing away of the banks and bed, requiring constant care and expenditure, ^y 
Little attention was given to details of this kind in the laying out of the older ditches and canals. As experience 
has been gaine<l and larger and more expensive enterprises have been entered upcm, engineering skill has been 
called into practice, and the oj)en channels and fiumes have been improved uj)on in various ways. In many 
instances the open earth ditches have been replaced, in whole or in part, by conduits less wasteful of water. In 
southern California especially, where, owing to the absence of frost, there is less liability of destruction, cement 
has been largely used in various ways. For example, some of the open ditches have been lined with stone and a 
coating of cement place<l upon this, nmking the sides and bottom of the <lit<*li smooth and impervious, thus at the 
same-time increasing the capacity while diminisliing the h)ss by seepage. 

In various parts of the country pipes of wood or of iron are being employed to a considerable extent to 
prevent loss of water, especially at points where it is diflicult to maintain an open channel. The wooden jnpes 
are nnide of strii)s of plank, with their edges carefully beveled or fitted together. These strips run lengthwise of 
the pipe, and no two terminate at the same point, so that the pipe when complete is practically continuous. The 
pieces are bound together and held in place by iron hoo]>s at short intervals. The iron pipes generally employed 
ar; made of sheet iron put together in various ways, usually, however, in short lengths. Many styles of pipe are 
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-cm the market, as single and double riveted, spiral, double ceinented, and coated. Cast irou is used to only a small 
extent, owing to its heavy cost. Where frosts are not feared cement or stoneware pipes are often employed, 
especially in connection with the cement ditches mentioned above, the water in these pipes being submitted to slight 
pressure. Taking the arid region as a whole, however, the open earth dit<!h is the rule and such devices are 
exceptional, marking perhaps the beginning of better things. 

METHODS OF APPLVINa WATKR. 

The methods of applying water to the soil in use in dift'erent parts of the arid region depend largely upon the 
character of the soil and crop, the quantity of water usually available, the slope of the ground, and the degree of 
skill on the part of the average irrigator. The grasses and other forage crops, notably alfalfa, when gi-owing 
upon nearly level ground, are usually flooded by cutting the side of the distributing dit<5h, constructed along the 
highest parts of the lield. The opening in the side of the ditch is usually made by a shovel or hoe, and is filled in 
again after the adjaeent i)()rtion of the field has been irrigated. Sometimes, however, small gates or openings through 
the side of the ditch provided with suitable sliding doors are placed permanently, so that the quantity of water can 
be regulated with some degree of care. From the openings in the side of the ditch the water is allowed to find its 
way in all directions, and unless the surface is perfectly level some portions receive far more than others. Thus 
fields slightly undulating will often show bare spots where tlie ])lauts have not received sufficient moisture. 
Where the supply of wati*r is ample, especially on the edge of some broad valley, enormous areas of the native 
gi*asses are thus flooded, little care being taken to distribute the water evenly, since the yield per acre is at best 
small. 

On very gently sloping lands what is known as the check system has been largely in use, especially in 
California. This consists in raising low ridges of earth, about 1 foot in height and 10 feet or more in width at the 
bottom, these being built along contours and thus meandering a<'ross the fields as required by the slope of the 
ground. The space between the distributing ditch and the first check or small levee, which may be at a distance 
of from 100 to several hundred feet, is first filled with water, and the soil being saturated the low levee is cut in one 
or more x)hices and the sui*i)lus water, together with an additional supply from the distributary, is allowed to till 
the second checks or levees. These checks are so broad and h)w that they do not interfere with cultivation, the 
farming machinery passing over them without difficulty. Among the Mexicans this system of checks is carried to 
an extreme. They are pla<*ed very near together and consist of sharp, narrow ridges, inclosing pat-ches of grain 
or vegetables often not more than 20 feet square. Each of these in turn is made into a ])ond by turning water 
in from the nearest dit<ii. 

The <*ereals and other field croi)s are irrigated by means of furrows, whose distance apart varies with the 
character of the soil. In l^tah and many other parts of the arid region, after the grain is planted, what is known 
as a marker is run over the field, rolling or digging small furrows 18 inches to 2 feet apart, through which the 
water is allowed to flow two or three times during the growing season. Vegetables and corn are wet by turning 
water into the furrows between the hills or rows, these having previously b(»en plowed in a <lirection such that 
there shall be a continuous gentle fall from the distributing ditch to the far end of the field. The irrigation of 
plants on land having a decided fall requires <*<)nsiderablo care and skill on the part of the farmer in order to 
l)revent the washing away of the soil and the unequal distribution of water. For this end furrows are plowed, 
winding along the ground in such a manner as to reduce the fall, and small quantities of water are used at a time in 
order that it may not break away and cut channels down the slopes. For fruit trees and vines the water is usually 
applied by furrows; the water seeping from these furrows saturates the soil uniformly, and the quantity is easily 
regulated. 

In many cases steei)ly sloping lands which have been considered as useless for agriculture have been found to 
l)ossess a soil an<l climate especially a(lai)ted to fruit culture. These lands have in many instances heeu terraced 
an<l the water allowed to flow in channels along each of the benches thus made, erosion being prevented by 
<'onducting the water from teirace to terrace by wooden, metallic, or stone conduits. The fruit trees receive 
moisture by percolation from the channels or furrows or by the complete saturation of the suiTOunding soil from 
small pools formed on the surface. This latter method of applying water has been largely practiced by fruit 
jiTowers, but is perhai)s falling int^) disuse. It consists in surrounding each tree with a ridge of earth, forming 
a basin, into which water is let from the distributing ditch. This basin system, which is similar to the methods 
l)nwticed by the Mexicans, is use<l either upon sloping or level ground. Among the disadvantages of the ivse of 
basins are those arising from the fact that the high ridges render cultivation difficult and expensive, and from a 
tenden<*y to apply too much water to a restricted area. For these reasons orchardists are gradually learning to 
api)ly water by means of furrows, which can be quickly made after each cultivation. 

In order to reduce the length of these furrows and to conduct the water with as little loss as jmssible, small 
wooden flumes, placed on or above the ground, are sometimes built through anorchanl leading from the distributing 
ditches to the furrows. In this flume openings 1 inch square are cut at intervals of from 2 to 5 feet or more, 
each of thest^ being closed by a small metallic sli<le. When ready to irrigate, tlie small flume is filled with water, 
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and a number of the small shutters are drawn out, allowing the water to escape into furrows, which in turn conduct 
it to the trees or other plants. These w«)oden flumes can be laid on uneven ^ound or carried over steeidy slo])injr 
surfaces by introducing; vertical drops from time to thne, thus making it possible to irrigate the hillsides. 

The most-economical method of distributing the water applicable in the case of orchards and vineyards is that 
by means of pipes laid under ground. This is, of course, very expensive, and can be only adopted where the value 
of products is high, as in the case of citrus and other fi^uits. Attempts have been made to deliver water to trees 
an<l vines through porous earthenware pipes, but this, though theoretically perfect, in practice has not been 
successful, owing to the clogging of the pipes by roots and other causes. Where water is brought to each tree or 
group of trees by means of pipes it is customary to provide a small hydrant, through which water rises to the 
8urfa<*e and is conducted away over a small adjacent area. 
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Total population (average per square mile, 0.53; 59, 620 

Number of owners of farms (2.39 per cent of population) 1,420 

Number of irrigators (75.39 ])cr cent of farm owners, 1.80 per cent of population) 1. 075 

Area of territory, land surface (112,920 square miles) acres.. 72,268,800 

Area imgat-od in census year do. . . 65, 821 

Area of all farms, 8.03 jier cent improved do. . . 1, 297, 033 

Cereals raised in census year, including 29 acres in rye do. . . 22, 701 

Barley, average production 23.77 bushels per a<Te do . . - 10, 644 

Corn, average production 19.06 bushels per acre do... 4,331 

Oats, average production 23.10 bushels per acre * do. .. 1, 472 

Wheat, average production 16.12 bushels i»er acre do. . _ 6, 225 

Alfalfa do... 19,945 

Total value of all farms, including land, fences, and buildings $7, 222, 230 

Estimat<»d total value of the irrigat<id farms, a« above : $3,204,000 

P^stimated value ol* all farm productions (sold, consumed, or on hand) for 1889 '. $1, 015, 970 

Estimated value of production, as above, from farms irrigated in whole or in ])art $916, 000 

Average size of irrigated farms acres . . 61 

Average size of irrigated fatms of 160 acres and upward do. . . 287 

Per cent of acreage of irrigated farms of 160 acres and upward to total acreage irrigated :U. 12 

Average size of Irrigatt^d farms under 160 acres acres. . 43 

Average first cost of water right per acre $7. 07 

Average annual cost of wat<ir ])er acre - $1. 55 

Average first cost i)er acre of preparation for cultivation $8. 60 

Average value of irrigated land, including buildings, etc , in June. 1890, per acre $48. (58 

Average annual value of products per acre in 1889 $13. 92 

The above table gives in condensed form tlie principal statistics con(*ernin|2: irrigaticni in Arizona, showing its 
iniportan<*e to agricnltiire and affording a means of comparison with other branches of industry. In order to make 
plain the development of irrigation in this territory relative to that of other great political divisions, it should 
be stated that the assumption has been made that the arid regions are bounded by certain arbitrary lines, embracing 
Arizona, California, Colorado, Idaho, Montana, Nevada, Xew Mexico, 10 eastern c<mnties of Oregon, Utah, 13 
eastern counties of Washington, and Wyoming. As a matter of fact, liowever, portions of the areas above named 
are far from being arid. On comparison with these states and territories it appears that in number of irrigators 
and in acreage irrigated Arizona in 18SU stood next to the bottcmi of the list, coming above Washington, this latter 
state having the least number of irrigators and the smallest area irrigated. In average size of irrigated farms it 
was sixth, in this respect standing between California and Oregon. In average value of products per acre in 1889 
it was number 4, California, Utali, and Washington exc^eeding it. 

In c(mipariug the areal extent of irrigation it appears tliat a smaller proportion of the entire territory was 
irrigated (less than one-tenth of 1 per cent of the entin* land surface) than in any other state or territory. This is 
because Arizona embraces an enormous extent of the dee] )ly eroded plateau country traversed by the Colorado 
river and also of the desertlike region adjoining the republic of Mexi(!o, both of which «areas are almost 
uninhabitable. Although the number of farms and of irrigators was small, yet, the proportion of farms irrigated 
was large, 75.39 per cent of the total number using water. In this respect Arizona stood third, Utah and Nevada 
exceeding it. On the other hand, in comparing the extent to which irrigation was practiced on these farms and 
the relative area actually irrigated, Arizona stands at tlie head of the list, 43.21 per cent of the total farm area 
owned by irrigators being irrigated, a percentage over twice as great as that ]>revailing throughout the arid region. 
In average valne per acre of land iirigated, including imi)rovements, $48.(58 i>er acre, Arizona was number 8, while, 
as ineviously stated, in average value of products, $13.92 i)er acre, it was number 4. In first cost of watei rights 
the territory was fifth, and in average annual cost of water per acre, $1.55, it was second, being exceeded only by. 
California. 

By reference to the map of the western part of the United States it will be seen that the irrigated areas 

lie mainly in the central and southwestern half of the territory. The high plateaus of the northern part of the 

territory are bcmnded by a series of great escarpments, the face of these extending diagonally across the center of 

the territory and facing the i)lains of the Gila basin. The winds from the west sweeping across the low plains are 
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deflected upward by the abru])! slopes and monntaii) masses bordering the plateau, and a portion of their moisture 
is precipitated, forming almost innumerable creeks which unite to form the Verde, Salt, and other tributaries of the 
(lila, ami thus render possible a large amount of irrigation in the valleys, especially on the Gila and Salt plains 
near tlie point where the waters leave their canyons. On the edge of the plateau country and among the mountains 
at elevations of from 6,000 to 8,000 feet, agriculture is successfully carried on without irrigation, in connection 
usually with stock raising or in the immediate vicinity of mining towns. For the greater part of the territory, 
however, it may be said that irrigation is practiced or needed during the entire year. In the lower lying plains the 
temperature is such that crops grow and mature at any season, providing there is a supply of moisture. Crop 
foUows crop in succession, depending only upon the abundance or scarcity of water in the ditch or of the summer 
rains. During the winter and in the early spring and late fall the water is used on the alfalfa and hay crops, of 
the former of which from 3 to 6 cuttings or even 7 are made, the average number for the whole territory being 5. 
Usually two waterings are given for a cutting, and thus the total amount of water used is in excess of that required 
by any other crop. Later in the si)iing, when the rivers begin to decline and tlie water supply becomes scanty in 
most ditches, the alfalfa is neglect^ed, all the water being needed for other crops, and still later, before the floods 
begin, in many places the whole flow is employed upon the trees and vines. 

The water is apx)lied in most cases by flooding, as, for instance, on lucern and grain, or through furrows laid 
off at regular intervals, no especial care being taken in the preparation of the tiekls. The Mexicans still practice 
the old method of flooding in small ''i)ool8" or rectangular areas sei)arated by ridges of earth. The farmers in 
many localities look forward to better methods of distributing and applying water. Since the soil and local 
conditions vary so widely, there is no rule as to the number of waterings or time required for the different 
products. There is a general impression that in many cases too much wat(»r has been used and that in the future 
better crops can be matured by using the water more sparingly, as a result increasing the acreage. Shortage of 
water and loss of crops on irrigated land were reported by many of those whose rights to water were secondary to 
those of older claimants. The latter stated that as a rule there was ample water for their needs, excepting from 
the middle or latter part of June through .July, August, and into September. Many of the field crops should have 
matured before this time, so that what little water remained could be used for orchards, vineyartls, and alfalfa. 
The improved lands of the territory are too valuable to be given up to the ordinary field crops and cereals, but 
could be utilized to a greater extent in the production of high grades of semitropic fruits or of plants which, 
while flourishing in Arizona, are less successful elsewhere. Especially is this the case if water storage is to be 
utilized to any great extent, for the capital invested in such enterprises must necessarily be so great that the 
ordinary field crops can hardly be remunerative. Many projects of this character are on foot, but progress has 
been slow, since large capital is required, and there has been very little definite information upon which to base 
engineering computations. 

DEEP WEI.LS. 

In this territory no flowing wells were reported upon farms in June, 1890. Deep wells have been drilled in 
various places, but so far as reported without success. At Phenix a well has been drilled to the depth of 700 
feet, and on the plains of the (Hla water at various depths has been sought. On the road between Mesaville and 
Florence is a well several hundred feet in depth, from which water is drawn by horse power. In the Yerde valley, 
in the central part of the territory, it is claimed there is a flowing well, but the facts concerning it have not been 
ascertained. 

Near Pima, in Graham county, a well was drilled to the depth of 420 feet without success, and in Pima county, 
at Calabasas station, a well is said to have been drilled 700 feet, but no water ever flowed from it. At various 
points ahmg the Southern Pacific railroa<l are comparatively deep wells, from which water is pumped by steam 
or by windmills. At Yuma are wells from 75 to 100 feet in depth, pumped in this manner, the water being used 
to a very small extent for irrigation. None of these wells flow, but it is reported that in one case at least the 
water comes to within 20 feet of the surface. 

RAINFALL. 

The table on the following page gives the princii)al data concerning the amount and distribution of precipitation 
in xVrizona. It shows the mean monthly and annual rainfall at stations where measurements have been made for 
two years or more, (a) According to this table the mean annual rainfall at stations in the territory varied from 3.(K) 
inches at Yuma up to 25.57 at Goodwin, in Graham county, a luimber of localities in the mountains showing a mean 
annual rainfall of 20 inches and over. 



o Renort by tlio <'bk-f Signal Officer of tin- army (Fifty-tirot (.'ongress, »oi-uud seasioti, Huiifc ul" KeprescutativeA. Executive Oociiint'ut Ko. 287, Irri^uiion 
and Water Storajre in thi- Arid I!e.&rionH. February 28. 1891). 
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MEA\ MOXTHLV AND ANNUAL KAINFALL AT .STATIONS IN ARIZONA. 

! T. iudicaU'N u truce of min, lens than 0. cM iucli.| 



MM'ALITIKS. 


Alti- 
tude in 
feet. 

5.047 
5, 050 
6. 500 

4,104 

3.580 
4,781 
4,785 
3,611 

3. 4.56 

2,700 
2,650 

4.800 

1,2.'»0 
1,068 

' i.'466 

2,400 
5, 330 
2, 000 ' 

3, 800 
1.190 

3. 726 i 
5. .389 

141 
355 


Length 

ot^ 
rec«>rd. 

Tr». 2fo». 

3 10 
18 10 

«9 2 

a9 9 

9 10 

23 2 

4 8 
♦i8 5 

fi» :i 

10 6 

a3 11 

ffl7 2 

a23 10 

12 9 
3 

08 1 

rtl9 5 

3 11 

4 10 

rtO 10 

13 8 

ad 3 
23 11 

14 11 
all 


Janu- 
ary. 

0. 54 
1.34 
0.08 

t). 80 
0. 50 
1.11 
0.80 
0,27 

1.22 

0.84 
2.41 
0. 92 

l.Ofi 
0.56 
0. 10 
1.07 

1.14 
1.47 
0. 55 

1.00 
0.44 

0.92 
1.45 

0. 39 
0.58 


Febru- 
ary. 

0.71 
1.80 
0.70 

0.90 
0. 45 
1.77 
1.27 
0. 28 

1.<W 

1.18 
1.82 
1.24 

1.24 
0.87 
0.68 
1.10 

1.15 
1.51 
1.01» 

0. IVi 
0. 40 

1.5*< 
1.78 

0. 45 
0. 27 


1 
March. 

0. 72 
1.05 
0.84 

0. ft2 

0. 51 

1. 27 
0.97 1 
0. 53 

1.38 

1.08 
1.04 1 
1.13 

0.74 
0.67 
0. 18 
O.hO 

o.8:{ 

0. 2i) 
0. 65 

(t. 45 
0.09 

0.05 
1.68 

0.18 
0.27 


April. 

0.67 
0.84 
0.67 

0.08 
0.02 
0. 19 
0.11 , 
0.1)2 

0.31 

0.35 
1.30 
0. .'{8 

0. 42 
0. 32 
0.11 
0. 52 

<». 28 
O.Co 
0. 26 

1.21 
0.14 

1.03 
0. OK 

0. 12 
0.10 


t 

May. 

0. 16 
0.47 
0. 52 

0. 12 
0.09 
0.28 
0. 15 
0.11 

0.22 

0. 45 
T. 
«). 29 

0.13 
0.12 
0. l»7 
0.30 

0.10 
0.14 
0.05 

(K 10 
0. 07 

0.13 
0. 58 

O.Wi 
0. 03 


June. 

0.12 
0.72 
0.72 

0.21 
0.29 
0.69 
0. 39 
0.04 

0. 24 

0. 26 
0. (>9 
0. 65 

0. 12 
0.09 
T. 
0. 02 

0.30 
0.82 
0.31 

0.50 
0.06 

0.24 
0.17 

r. 




July. 

1.51 
4.04 
2. 44 

2.37 
1.77 
3.28 
4.29 
0. 55 

1.K5 

2. 03 

3. 35 
3. 80 

1.20 
0. 72 
0. 02 
0.81 

2.47 
5. 25 
0. 01 

4.64 
0. 40 

3. 19 
3. 03 

0.13 
0.08 


Au- 
gust. 

1.40 

4. 20 
2.73 

2.70 
2. 23 
2. 90 
2. 92 
1.64 

2. 43 

2. 31 

5. 78 
3. 22 

1.48 
1.02 
1.44 
1.99 

2. 79 
0.10 
4.70 

4.08 
0. HI 

3. 39 
2.88 

{\. 40 
0. 45 


.Septem- 
ber. 

1.18 
1.54 
1.86 

1.21 
0.71 
1.34 
2.61 
0.22 

0.91 

0.93 
3.80 
1.84 

0.94 
0.65 
0.57 
0.66 

1..38 
2. 03 
0. 85 

1.95 
0.47 

{). 29 
1.18 

0.13 
0.34 


Octo- 
ber. 

0.68 
1.34 
0.70 

0.67 
0.50 
0.57 
0.04 
0.30 

0. 75 

0. 6.3 
1.39 
0.94 

0.42 

0.57 

i 0. 02 

0.18 

0.45 
1.16 
0. 19 

O.OH 
0. :u 

0.46 
0.66 

0. 21 
0.61 


Novem- 
l>er. 

1.08 
1. 17 
1.16 

0.44 
0.24 
0.74 
1.02 
0. 24 

0.67 

0.48 
1.18 
0.86 

0.81 
0.54 
0.41 
0.51 

0.52 
1.09 
0.28 

1.19 
0. 35 

0.64 
0. 82 

0.35 
0.26 


Decem*. 
ber. 

0.72 
1.93 
0.87 

0.84 
0.75 
1.27 
0.95 
0.39 

1.85 

1..30 
2.81 
1.52 

1.76 
1.26 
0.28 
1.89 

0.M 
1.15 
1.57 

1.09 

0.84 

1.40 
1.85 

0.64 
0.48 


Annual- 


Apacho conntj: 

UolbriM)k 


9.29 


Foi-t Apache 

Fort Deflance 


21.04 
14. 19 


CochiHO coimty: 

Wilrox 


11 35 


BeQM>n 


8.O61 


Fort. Bowie 


15 41 


Fort Hnacliuca 


16. 42 


San Simon 

Gila county : 

Fort San Carlos 

(iraham cMmntv: 

Fort Thom'aA 


4.59 
13.46 
11.84 


Canin Goodwin 


25.57 


Fort Grant 


16.85 


Maricopa county : 

Fort McDowfU 


10 38 


Plieuix 


7 38 


Biirkea 

\Vick«?nburi( 

IMnia county : 

Fort LoWell 


3-K8 
9.85 

12.37 


Fort Buchanan 


21.58 


Caiiii) Crittf^ndcn 


16.51 


Pinal county : 

Breckonridge ' 

Maricona 


17.03 
5 17 


YavaiKti county: 

Cami) Dato Creek 


14 22 


Whipple BarrackM (Pre««'«)tt ) 

Yuma county: 

Yuma. . .* 

Texas Hill 


17.06 

3.06 
8.47 



a Record broken. 



CONDITION OF IRRIGATION IN EACH COl NTY. 



The following table gives some of the fiiDdainental data of irrigation (hiring the ceusiis year in each of the 
counties of the territory. Upon an exjimination of the figures it will he noti^'ed that in general the value of 
products per acre increased as the average size of farm dimini.shed. For example, in Maricoi)a county the average 
size, lOtS acres, was the greatest in the territory, while the value of product, 80.20 per acre, was the least. Next 
comes Yuma county, with 93 acres per farm and products averaging ^10.50 per acns then Pinal, with 60 a<»resper 
farm and jiroducts of A11.2.'> i)er acre. In othei* words, the large irrigated farms wen* not as closely tilled as were 
the smaller, and a lower jiriced crop resulted. 

NUMBER OF IRRIUATOKS, AREA rRRIGATEI), FARMS, AND CROFS IN EACH COUNTY IX ARIZONA IN 1889. 



OW.N'EKS OK 
KAKMM'. (at 



IKKUi.VTOItS 



FAKM AREA. 



AKEA IKKIOATEI). 



Aver- 

v,.«. \^ ^ iJ »tf® Biz* 
Aum- Area ir-i '"ri- 



roUNTIES. 



ber of 
irriga- 
tors. 



of ir- 



'"^r"' ''?"'«•; 



acr»'8. 



Ianu8 

in 
acres. 



Totiil 
num- 
ber. 



Per 
cent of 
popu- 
lation. 



I'er 

«-cntof 

farm 

owners. 



Per 
cent of 
popula- 
tion. 



Area of 

county 

in acres. 



.VcrcK. 



Jereals 

ill 
acres. 


Alfalfa 

in 
acrcH. 


Per 
cent of 

area 
; of 
countv. 



Total 1,075 65.821 61 1,420 

Apaohe i 182 .5.545 30 253 

Cochiso 52 2. 372 46 192 

Gila 18 815 45 18 

Graham 199 7.5.56 :w 201 

MaricoiMt 327 ^ 35.212 108 ^ 336 

Mobave 1 14 

Pima 85 I 3,085 i 36 114 

Pinal 115 6.919, 60 124 

Yavapai 91 3.762 4J 161 

Yuma 6 555 93 13 



2.39 75.39 1.80 72,268,800 1.297,o:{3 



5. 91 
2. 77 
0.H9 
3.54 
3. 06 

0.97 
0.90 
2.92 
1. 85 
0. 40 



71.04 
27.08 
100.00 
91>.00 
97. 32 



4 25 

0. 75 
0.89 
3. 51 
2. 98 



74.56 
92.74 
56. 52 
46.15 



0.67 
2.71 
1.05 
0.22 



13.478.400 
3, 842. 560 
2. 055. »580 
3.937.2X0 : 
6. 330, i>i<i) 

7.252,480 I 
6.781.440 , 
3.392,000 ; 
18.711,040 
6. 487, 040 



1.085,535 

31,513 

3. 08;) 

2:i. 5,33 

61.888 

1,781 
31.852 
20. 804 
32, 417 

4. o:{o 



Per 
cent I 
im- 
proved. 



8.03 22,701 . 19.945 



Per 

cent of 

total 

farm 

area. 



Per 

cent of 

land 

owned 

by 

irriga- 
tors. 



Average 

value of 

prodacts 

per 

acre. 



0.73 
19. &'i 
22.53 
.38. 55 
78.79 

21.45 
16.24 
40.39 
52. 34 
12.63 



3.693 

242 

375 

4. 823 

9.216 

10 

643 

2.666 

1.025 

8 



856 

614 

23 

1.741 

12. 193 

202 

891 

1.534 

1.716 

175 



0.09 

0.04 
0.06 
0. 04 
0.19 
0..')6 



5. 07 43. 21 



0.51 

7. ,53 

26. 46 

.32.11 

56.90 



32.56 
31.75 
26. 46 
37. 33 
60.14 



$13.92 

13. 36 
26.93 
23.85 
16.06 
9.26 



0. 05 
0.20 
0. 02 
0. 01 



9.69 
33. 26 
11.01 
11.99 



33. 17 
37.09 , 
26. 22 
15. 50 



30. 36 
11.25 
31. 00 
10.50 



a Includen owntnl and bire<l farms. aHSuniin*; one farmer to each. 

Apache county, l(»cate<l in the northeastern corner of Arizona, is second in size in the territory and sixth 
in the whole ITnited 8tat4^s. The Xavajo and Moqui Indian nvservations cover the northern end of the county, 
and the White Mountain Indiau reservation is located partly in the southern end, while between these are the 
railroad grants, leaving relatively little land oi)en for settlement. 'I'he Little Cohuado Hows across the center of 
the county, and then turning northwesterly flows through narrow canyons to the Colorado. The principal tow^is 
are along the Little Coh)rado and its tributaries entering from the south, when^ there are areas of good agricultural 
lands. As a rule irrigation is re^piired. although, especially at altitmles of 7,000 feet and upward, some dry farming 
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is rei>orted to be suecesstul. The water supply is somewhat limited, scareity being felt especially in June, July,, 
and August. 

A number of small irrigating ditches have been reported at Show Low, Taylor, Snowflake, and other points on 
Silver creek; also at Springerville, St. Johns (the county seat), Woodrutt, St. Joseph, and other i)oints on Little 
Colorado river. The principal crops irrigated were corn, oats, alfalfa, and beans. In the vicinity of Taylor are 
the ditches covering both sides of the valley and iirigating lands in the vicinity of Taylor and Snowttake. These 
ditches are from 3 to 4 miles hmg, and have cost in all about $25,000. Work was begun in 1877, and the dit<!hes 
were practically completed within a few years. Water rights have cost from $12 to $15 per acre, and the annual 
assessment has bet^n from 00 cents to nearly $5 per acre, the latter large amount owing to injuries by AocmI. It is 
stated that it is usual to give 3 good waterings to wheat and oats, 2 for a croi> of corn, and 1 or 2 irrigations for 
each (tutting of alfalfa. 

At Springerville, south of St. Johns and on the headwaters of Little Colorado river, are several ditches on 
both sides of the stream. The principal one« were begun in 1872 and used in the following year. They are owned 
mainly by private i)arties, who share the exjjense. This is estimated to be annually about $1.25 per acre. At St. 
Johns the main ditch is known as the Gibbons or Mill ditch. It is about 4 miles long, 6 feet wide, and has cost 
probably $10,000. The principal crops u-rigated are wheat, corn, barley, and oats. The St. Joseph tlitch heads 
about 12 miles Irom Holbrook and covers land on the north side of Little (Colorado river. It is about 7 miles long, 
6 feet wide, and with the dam has cost about $45,(KM). This latter, it is stated, has been replaced 8 times within 
14 years. The tirst cost of water right was about $7 i>er acre, but the annual assessments, the greater part of 
which have been for repairing the dam, have been from $2 to $5 per acre. 

Attempts have been miuie to obtain tiowing wells, and the board of supervisors of the county, in compliance 
with an act of legislature, has oifered a reward of $2,000 to any person who should tirst obtain a tiowing stream of 
water of not less than 17,500 gallons per day, such well, however, not to be upon military or railroad lands nor 
within 10 miles of any other tiowing arte^sian well nor within a mile of any i>ermanent flowing stream of water. 

Cochise county is in the southeastern corner of the territory bordering upon New Mexico and the republic 
of Mexico. In general altitude it ranges from 3,000 U) C,(KK) feet and upward. Agricultural lands are to be found 
in nearly all of the valleys or broad plains, thepriucipal irrigated areas being on the western side of the county 
along San Pedro creek and its tributaries, mainly in the vicinity of Hereford, Fairbanks, Benson, and Tres Alamos, 
This stream furnishes the greater part of the water supply of the county, the other rivers and ci-eeks being of 
such an intermittent character that irrigation is exceedingly diflicult. Even in the case of the San Pedro there is 
far more land than the water will supply, and as a result litigation has arisen concerning the water rights. During 
periods of drought the entire amount of running water is diverted by the various dams across San Pedro creek, 
some water reapi)earing in the channel to be again taken (mt at points below. 

Around the edge of Sulphur Spring valley, which occupies the center of the county, a small amount of 
irrigation has been practiced, mainly for the purpose of raising hay or for increasing the area of grazing lands. 
It is reports that in many localities wells reach watei* at from 10 to 40 feet, and it is i)robable that some of this 
can be brought to the surface with profit by means of pumping machinery. Deep wells have been drilled in the 
hope of obtaining artesian water, but so far as can be a^scertained these have not been successful. Among the 
higher mountain valleys small crops have been raised without irrigation, but as a whole it may be said that this 
method of cultivation is essential throughout the (Mmnty, and esjiecially so for fruits. With an ample supply of 
water, orchards and vineyards are exceedingly profitable. 

Gila county, the smallest in the territory, occupies a position largely within the drainage basin of the Salt 
river, on the south crossing the mountains and reaching to the Gihi river. On account of its position it is 
comparatively well watered, but the valleys are narrow and there is little arable land. The White Mountain Indian 
reservation covers the greater portion of the county, leaving only a narrow strip of land on the western sitle. 
The tilled land is principally along the Salt river, between Pinal and Tonto (Tceks, or in their vicinity. Among 
the headwaters of Tonto creek and in the Tonto basin, at an eh»vation of from 6,000 to 7,000 feet, corn and potatoes 
are raised without irrigation if the land is carefully tilled. Other crops re(iuire the artificial application of water. 

Graham county lies t^) the southeast of Ciila, between Apache and Cochise counties, filling in the eastern 
side of the territory. It is thus in or near the headwaters of the Gila river, and, like Gila county, is largely 
mountainous. The principal area of agricultural land is in the Pueblo valley, extending tiom a canyon above 
Solomonsville for about 30 miles to Fort Thomas, the principal settlements being, in order, Solomon sville, Safford, 
Central, and Pima. The Gila is the source of supply for the valley. A number of <lams are placed across it at 
intervals of 2 miles or more. When the flow of the stream diminishes in May and June the dams of logs, brush, 
and stone are tightened so as to turn all the water into the canals. Below each dam, however, the water begins to 
rise in the bed of the stream, so that by the time the next dam is reached there is apparently as much water as 
before. If the summer rains fail the river may become entirely dry in July and August, loss of croi)S resulting. 

At present the atireage under cultivation is not greatly in excess of the usual water sui)ply, and the losses are 
not such as to call for immediate water conservation. In view of future extensions, it is already recognized that 
active steps must soon be taken. There appears to be no conii>rehensive system of water distribution, and the 
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present needs point 1o a oonsolidatioii of the various small ditches into a few high-line canals, botli to reduce the 
expenses and to effect a greater economy in the use of the water. The river, occupying a wide sandy bed, is 
unstable, and during fieshets is liable to cut new channels, leaving the dams on dry land. Some cultivation by 
irrigation is successful Lu the valleys south of the river at the foot of the mountains, whei-e small streams or springs 
issue. The greater portion of this water is lost for lack of facilities for liolding the sjuing flow until lat^r in the season. 
As examples of the irrigating ditches brief descrijjtions may be given as follows: the l^nion irrigation caual^ 
heads ab<mt 1.5 miles northwest of Sohnnonsville. It is 13 miles long, 12 feet wide, and has cost $15,000. The 
Graham ditch heads about 2 miles east of Saftbrd, taking water out on the north side of the river. It is 4 miles 
long, about Ofeet wide, and has cost over $2,000. The work was begun in 1879, and it has been enlarged since 
that time. It is owned by farmers, who divide the water and share the annual expenses, wldch are estimated to 
have been about $2 per acre. The principal croi)S irrigated are wheat, barley, oats, corn, beans, Irish and sweet 
potatoes, and garden vegetables. The Montezuma and neigliboring ditches also cover land in the vicinity of 
Safford, water being diverted from the Gihi by means of dams built of wood, stones, and brush. These dams are 
often wa>slied out, increasing largely the annual expenditures. The ownership in most of the irrigation works is 
divided into shares, each entitling the owner to a certain proportion of the water. A wati*r master, api)ointed by the 
irrigators, calls u,pon each when necessary to make repairs, or hires labor, which is paid for by a cash assessment. 
, in the vicinity of Pima are a number of ditches owned by asssociaticnis of irrigators, who share the work and 
expcn.se necessary to keep them in repair. The principal expense in these ditches is in rebuilding tlie diverting 
dams. The crops irrigated are alfalfa, barley, beans, and potatoes. Alfalfa is watered after each cutting, and 
the cereals receive 2 or 3 irrigations. Garden vegetables require irrigation every 8 or 10 days, orchards 5 or 
wettings during the year, and vineyards 3. Difliculty has been experieucejl in o^jtaining sufficient water 'on 
account of the small size of some of these canals, although there is usually sufficient in the river. The owners 
are generally men of small means and are not able to construct or nmintain the works in the most economical 
manner, and the water sujiply is not utilized as thoroughly as in the case of better equipped systems of supply. 

Maricopa oointy, in value and extent of irrigation, as well as in agricultural development, leads the 
others in the territory, it contains over one-half of the irrigated land and the greater number of the irrigating 
<janals. The amount of land actually utilized in the census year was snmll in comparison with the area under 
these canals, and formed an almost insignificant part of the vast extent of arable land which with water could be 
rendered valuable. The results attained have shown that the lands of this county, especially those within the Salt- 
river valley, when properly wet, can produce enormous crops, and when plant^nl with trees and vines have the 
recpiisitcs for the ^successful cultivation of many of the most valuable fruits, rivaling in this respect favored portions 
of California, in some particulars the Salt river valley and the lands along the Gila are claimed to have advantages 
for fruit growing in that they are nearei the markets of the east, so that the green fruit is not only hauled a less 
distance, but also is saved a day's journey through the hot desert. It is asserted also that gi^apes and other fruits 
rii)en earlier in the season and can be put on the market far in advance of the California products. 

The principal irrigated areas are in the vicinity of Flienix, the territorial capital, and also near Mesa and 
Tempe, extending along both sides of Salt river from below the Verde and the Salt River Indian reservation 
westerly at intervals to and even below Gila Bend. The water sui)ply is derived mainly from Salt river, large 
canals heading also on the (iila itself beh)W the mouth of the first named stream. Taken as a whole, the water 
supply is large, but fluctuates gieatly, having far less n*gularity than in the case of rivers farther totl^e north. 
Measurements of the aniount flowing in the Verde and Salt have been made at various points by the Tnited States 
Geological Survey, the most important of these being shown by the following tables: 



VERUE RIVER, NEAR POKT McDOWELL. ARIZONA. 
(Draiiiauc art*a 6.()00 square miles.) 



SALT RIVER. 50 MILES AIJOVE PHEXIX. ARIZONA. 
(Drainage area, .'>,HSO«iinare milen.) 



DISC'HAUGK IX SECMIND- 
FEET. 



UrX OFF. 



MONTHS. 



Maxi- 
muni. 



Mini 
mum. 



Mean. 



Total for 
month ill 
acre-feet. 



DISCIIAIUJK IN SErOND- 
FEKT. 



RUN -OFF. 



1889. 
AugiiHt 14 to 31 
September 



4«0 
340 



154 
140 



207 
192 



12, 730 
11,424 



Depth 

in 
imhe.s. 



0.04 
U.03 



Seeoiul- 

f«*et per 

square 

mile. 



.MONTHS. 



Maxi- Mini- 
mum, mum. 



Mean. 



Total for 

mouth ill I 

aere-fcet. Doptli 
I in 
inches. 



0.03 
0. 03 



1890. 
May 28 to 31 . . . 

•Iiine 

Julv 



520 
.V20 , 
37.') 



I August 2,200 



523 
19? 
18.^ 
600 



520 

2t>8 

215 

1,302 



1 


— 


31,980 ' 


0.10 


17.731 


0.06 


13, 222 


0.04 


83, 7t;:{ 


0. 27 



Second- 
feet jwr 
square 
mile. 



0.0) 

'). 0.') 

0. 04 

). 23 



The longest series of observations have been carried on nnder the direction of Baniuel A. Davidson at the 
headworks of the Arizona canal, of which he has been engine(*r. The results are shown by the table and diagram 
on the following page. On this diagram the discharge for ISSS is indicated by the lighter broken line, ttiat for 
1880 by the lighter continnous line, that for 18t>0 by the heavier eontinnons line, and for the following two months 
by the heavier broken line. 
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SALT TUVEM AT ARIZONA DAM, ARIZONA. («) 
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roinpariiig the flow of rliis river with thntof iiiauyot'tbo other rivers discusscil in tLi« report, the most notable 
difl'ereiu-o in the low water dutitifi; April, May, anil Jiiue, iiioiithn when the ativams of the rest of the ennntry 
reached their higheKt:. The siiddeniieHS with which these flofHls eoiite and go in the Gila and its tributaries is iu 
striking contruHt to the slow riw and faW of the snow fe<l rivers iijion whie)i most of the imgation in the United 
Stittes depends. 

The location of most of the more itoixirtaut ranidsof thisand adjoining eonuties is shown on the accompanying 
map. Taking these along the Salt river in order downsti-eain. the highest on the north side of the Hvev is the 
.Arizona, and below this the (i rand, Mamopu, and Salt river valley, ttiesc 4 canals forming one system and covering 
lands north of and around Phenix. Farther (hiwnstreani, iielow I'iienix, are the ^rjffin, Fariners, St John, and 
other dit^'beH. On tlic south xide nf the river, and heiidiiig a short distance behtw the Arizona, is the lliglihind, 
whose general direi^tion is nearly Kontli, covering lands cast of Mesa city. Below this eoine the Mesa, Utah, and 
Teniiie canals, the latter irrigating lands immctliately adjaient to the town of Tempi-, lielow this iu order are 
the San Francisco, French, and Rroi«lway. Behiw the Jiiin-tioii of the Salt and Gila are a immber of imiwrtant 
canals project«il and partially eonstrneted. The first of these is the Itnckeye. on the north side of the river, 
heiuling near thejuuctiou of the channel of the Agna Fria. Abont IJo miles west of this stream the channel of 
the HasHiiyanipa enters from the north; the <>ila swings to the sontb for abont '2li miles and then again t4i the 
west, forming what is known as (iihi Bend. Near thejnnction of the llassayampa, on the right bank of the river, 
arc the headworks of the Gila river and the Monarch canals, and about .S miles Ik'Iow is the head of the Enterprise 
canal. On the left bank of the Gila i-iver, halfway between Agna Fria and Ilnssayampa creeks, is the head of 
Hnmberg's canal, and below this the pro|iosed St. Louis canal, .\bout 8 miles below Hassayampa is the dam 
of the Gila Bend Iteservoir and Irrigation Company, one of the largest projects in the territory, the canal for 
<iiverting the water coming ont toward the east and .south. B4'low this is the Lower! iila I tend or Palmer canal. 

.MAP OK IKinr.ATION CANALS IN THE CILA VALl.r.V. AKIZDNA. 




The flgui-e?' 


near 


'iU'h canal line in<licate the 


name 


.f the canal, as shown by tlie folhnviug list: 


1. Ari/oIlH.A^ 






•1. .Salt River V:ill..y.- 


V. 




17. St. Uiiii-. 


2-1. FiitmerK. 


a. Higliland. 






m. Fri'iK-b. 






IS. Iiil» Kiver. 


2r>. I*urd.v. 


3. Heaa. \0 






11, Broiiihvny. 






1!<. Moiiai'cli. 


26. CoiitreruN. 








12. liriUiu. 






20. <:iU itriid KeHrvulinu iiii.I 


27. MoUawk. 


5. TemiH-. 
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erts water fi-om Salt r 
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I'J 


means of a weir or dam ove 


iKK) feet long, loi-ated abon 



mih; below the miuith of the Verde. The canal follows the bank of the river for a sluu't dislance ami then gradually 
turns toward the northwest. Near the head the bottom width is 3(> feet, nan-owing to 3(). and the estimated cai)acity 
nearly 1,<HK) second-feet, the grade being :J feet [xrmile. F(u- the first 3.5 inih's the canal was excavate<l in roi-k uv 
gravel, the expense of ranstruction being heavy. Work was Iwgnn in li-S;[ mid (vati'r was first used iu 1887. The 
total length of the main ditch was 41 miles, and the cost, including the dam. about ?!Cl»().<lO0. After leaving the 



ARIZONA. 29 

Indian reservationJatcraMitcliesTun south toward Phenix covering every section. Water rights have been sold 
at the rate of $12.50 per acre, the annual assessment being $1.25 per acre. 

It has been found that 1 second-foot of water was sufficient to produce crops of all kinds on 80 acres of land. 
For economical use a stream flowing at the rate of 2 second-feet is to be preferred, and with this quantity of water 
10 acres of grain or alfalfa or 20 acres of fruit trees can be irrigated in 24 hours. The corporation owning this 
canal has purchased also the Grand, Maricopa, and Salt river canals, covering land under the Arizona, and which 
are now used largely as distributaries. The Grand canal isL^ milesli^ length and has an estimated capacity of 200 
second-feet. The Maricopa is about j^G m ile^long, from 16 to 18 feet wide on bottom, and has a cajiacity of 140 
second-feet. The Salt river c<anal, heading on the river at the same j>oint as the Maricopa, these together being 
known as the Consolidated, has a width of 22 feet, a length of 26 mil^, and capacity of about 160 second-feet. 
These are connected with the Arizona canal by means of a crosscut having a capacity of 375 second-feet. 

The Mesa canal, heading on the south side of the river about 5 miles below the Arizona dagij-t^es water out 
in tlie vicinity of the town of ^lesa. The total length of the main ditcji i^ approximately (Tmiles^ the average i/^^ 
width 15 feet, and the cost is placed at $75,000. Work was begun in 1878^mid the canal wasTiHed'tii the following 
year. The diversion dam is of brush and stone and has been replaced after several floods. The works are owned 
by a corporation consisting of farmers, the property being lield in 400 shares, each of these entitling the holder to 
a i)roportional partof the water. The cost of the watc»r right was originally about $15 per acre, and the annual 
tax is about $1 per acre. It is estimated that water was used under this canal at the rate of 1 second-foot to 80 
acres, although the theoretical water duty is far higher. This, as well as the adjacent canals, is being rapidly 
extended, bringing more land into uise for fruit and alfalfa. 

The Tempe canal ifj24 miji^s h)ng, about 25 feet wide, and has cost over $120,000. Work was begun in 1870 
and water used in the following year, it is owned by an association, each share entitling the holder to 100 inches 
01 about 2.5 second-feet, this amount being considered sul^icient for 160 acres. The first cost of the water right was 
estimated to have been $10 per acre, and the annual assessment has varied from 20 cents to .SO cents per acre. 

The Buckeye canal takes water from the (iila about 4 miles below the junction of the Salt, carrying it out on 
the north side. The river at this i>oint as a rule flows the year round, but is stated to have been dry in 
extraordinary seasons. The total length of the main ditch i^i 28 miles, M;he average width 12 feet, and the cost was 
estimated to be $120,000. Work was begun in 1885 and water used in 1888. The ownership is divided into 
shares, each of these representing SO miner's inches. The annual assessment is $1 per miner's inch, it is usually 
calculated that 80 inches will furnish sufticient water for 160 acres. 

The dam of the^ila Bendlieservoir and Irrigation Company is located about 45 miles southwesterly from 
Phenix and 22 miles north of Gila Bend station. The canal from this is being constructed along the left bank of 
the river and southerly toward Gila Bend station, it being proposed to continue this along and across the Southern 
Pacific railway, thus covering an immense area of fertile land. Tlie Lower (iihi Bend canal heads about 10 miles 
below the dam of the canal just mentioned and covers a narrow strip of land on the same side of the river. The 
total length of the main ditch is 15 miles; the average width 11 feet, and the cost was $25,000. The canal 
was begun in 1884 and first used in 1885. Water is diverted by means of a dam of brush and stone replaced in 
whole or part each year. The works are owned by farmers and held in 36 shares, each entitling the holder to a 
proportional part of the watt»r. 

Mohave county occupies the extreme northwestern corner of the territory, adjoining Utah and Nevada. An 
exceedingly small amount of cultivation was reported, the total area in cereals being only 10 acres of wheat and 
the total production 25 bushels. Cattle raising was about the only industry of importance. During and before the 
census year attempts at farming were made along Sandy creek, but the floods of 1889 are reported to have washed 
away more than half the farming land, and apparently it was only a question of a short time before the rest would 
be destroyed. Taking the county as a whole there is plenty of agricultural land, but the ditticulty of obtaining 
water stands in the way of develoimient. Hay and grain for the mining camps have been brought from California, 
and butter, eggs, bacon, and similar supplies from Kansas. The Colorado river forms a portion of the western 
boundary of this county and carries at all times a large amount of water. Little, if any, of this can be utilized on 
account of the depth to which the river has cut below the arable lands. The difficulties of taking out the water 
of this river appear to be almost insurmountable, although it is possible that by the expenditure of large sums 
lands in the southeastern part of California may be reclaimed. A few measurements of the actual quantity of 
wat^r in the Colorado were nuKle in 1875 and 1876, showing that the discharges at the times of observation varied 
from 8,000 to 18,000 second-feet, and probably rea^'hed during flood 50,000 second-feet. 

Pima county is situated along the central part of the extreme southern border of the territory adjoining 
Mexico. Agriculture is confined to the eastern end, near Cochise county, where the elevations range from 2,500 
feet upward. The Santa Cruz and Sonoita and their tributaries are the only sources of water supi)ly, with the 
exception of a few springs among the foothills of the mountains. The amount of water is small in comparison to 
the acreage already under cultivation, and crops are frequently lost during the dry season. A number of ditches 
are taken out in succession along the Santa Cruz from Calabasas down to Tucson, in the vicinity of Crittenden 
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is the Pennsylvania Ranchiilitch, 7 miles Jjwig and 3 feet wide, receiving its water mainly from the spriugs ol 
Sonoita creek, corn, alfalfa, and barley being irrigated. At the junction of the Sonoita with the Santa Cruz, about 
8 miles north of Nogales, is a ditch 4 miles loug and 3 feet wide, which is stated to have ex)st $800. Among the 
ditches fartlier down on the Santa Cruz is one on the west side, taking water out in the vicinity of San Xavier, 4 
miles in length and from 2 to 8 feet in width. The annual cost of water is estimated to be 50 cents per acre. 
Farther north, in the vicinity of Tucson, is the (ioodwiu ditch, covering land on the east side of the river. It is 
3.5 miles long, about 3 feet wide, and has cost 82,500. Water is obtained from an open cut, penetrating the bed of 
the river to a depth of about 6 feet. Tlie Davidson canal takes water from liillito creek, a stream usually dry 
on the surface for about one-half of the year, the sandy channel, however, being saturated with water. Work 
was begun about 1887, and the cost before (completion had already reached $25,000. It is proposed to draw the 
water from a depth of 14 feet beneath the surface by means of a drain or aqueduct 4 feet 6 inches wide and 3 feet 
inches high at the sides. This is to be so protect4Ml that floodjs will pass over it without injuring it. The object 
sought is to secure a permanent supply of water in order to guarantee the success of orchards and vineyards. The 
ordinary surface ditches are not always sure of receiving watei', and while annual crops can be raised, vineyards 
and orchards have been lost or injured by total failure of supply. 

Pinal cointy includes a portion of the (iila valley above the mouth of Salt river, and in some respects 
possesses advantages for irrigation as great as those had by the lands in the vicinity of Phenix. The agricultural 
land now utilized is mainly in the vicinity of Florence, along the river below the point where it cuts through a 
transverse range of hills or mountains. Above this point, along and below the mouth of San Pedro creek, is a 
second district in which irrigation is practiced, water being obtained from the creek at various points above the 
town of Dudley ville and also from the river in the valley below that place. The cereal most cultivated is barley, 
next in importance to this is wheat. Large acreages have been devoted to alfalfa, and each year the area in 
orchards and vineyards steadily increases. 

The quantity of water available has been measured for one year only. The gauging station on the Gila was 
located about 15 miles above the town of Florence, at the Buttes, being thus above the head of canals and where, 
owing to the character of the channel, the best results could be obtained. The following table giv^s the computed 
discharge. This was a year of prevailing low water, and there were few of the sharp, sudden floods so characteristic 
of the stream. One of these occurred in August, 1890, just previous to the abandonment of the station, (a) 

GILA KIVER AT BUTTES, AKIZONA. 

(Drainn^^e area 13,750 sqiiaiv niile^.) 



DISCHARGE IN HECOXD 
FEET. 



RUN-OFF. 



DIsrHARCJK IN SErOND- 
FEKT. 



.MOXTH.»i. 



Maxi- Mini 
mum. oiiim. 



Meau. 



Total for 
month iu 
acre- feet. 



RIX-OKF. 



Dcptli 

in • 
incbett. 



1889. 
AugnBt 26 to 31 

September 

Oetobor 

November 

December 



124 
210 
210 
250 
890 



110 
90 
140 
156 
124 



115 
128 
157 
212 
275 



7.072 

7.616 

9,655 

12,614 

16. 912 



0. 
0. 

0. 
0. 



009 
010 
013 
017 
023 



Secomi- 

f eel per 

square 

mile. 



0.008 
0.009 
0. 014 
0.015 
0.020 



.MONTHS. 



Maxi- Mini- 



Total for 
mouth iu 
acre- feet. 



' .Serond- 



1890. 

Jautiary 

February 

March . .* 

April 

May 

Juue 

Julv 3.112 

AuiruHl. 6.330 



mum. 


mum. 


2.100 


310 


1,514 


405 


710 


300 


333 


158 


150 


35 


35 


27 



Mean. 



"-jP"' f«tp«r 



u 

115 



080 
578 
387 
238 
87 
28 
130 
137 



41,85o 

32, 079 

23, 805 

14, 161 

5.350 

1,666 

7.995 

192, 925 



inches. 



0.057 
0.044 
0. 032 
0.019 
0.007 
0.002 
0.011 
0.262 



square 
mile. 



0.049 
0.042 
0.028 
0.017 
0.006 
0.002 
0.009 
0. 228 



San Pedro creek was gauged for a time during the summer of 1890, and dischiirges were computed, as shown 
in the table on the following page. As previously stated, the low water prevailed during this year and little 
irrigation was possible from the waters of this stream. Abovc^ the point of measurement there were at the time 
a number of ditches, mainly of from 1 to ii miles in length, taking out water, so that, omitting the small floods which 
occasionally occurred and lasted for a few hours, tlie quantity measured may be considered perhaps as representing 
theseei)age water. Although this stream has a large catchment area, the run-oflf, like that from adjacent basins, 
is exceedingly small. 



o The greatest flood known in years happened iu February, 1891, the total amount of which, however, hati not been approximated. 
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SAN PEDRO, AT DUDLEYVILLE, PINAL COUNTY, ARIZONA. 

(Draiuajje area 2,810 g<|iiart! miles.) 



DIhCHABUE IN 8£('UND- 
FEET. 



KLXOFF. 



MO.VTH8. 



Maxi- 
mum. 



1890. 

April to :iO I 21 

May 9 

June I 5 



Mini- 
mum. 



."> 



Mean. 



Total for 
mouth in 
arre-feet. 



14 
6 



179 



Depth 

in 
inchc.M, 



0. iM)r> 

0. U02 

0. wi 



Second - 

feet per 

H«l uarc 

mile. 



0. 005 
0. 002 
0.001 



.MONTHS. 



I>1SC*HARQE I.N SEOOMD- 
FEfcT. 



Maxi- I Mini- »»„„, 
mum. ' mum. ^e«" 



July... 

AllgUHt 



1890. 



22.'> 
507 



1 
102 



•295 



Total ibr 
month in 
acre-fbet. 



800 
18.140 



RUK-OFF. 






0.005 
0.121 



0.005 
0.105- 



The necessity of water storage is perlinps as well appreciated in this county a.^ in any part of the territory. 
During the census j^ear tbere was unprecedented scarcity of water, due not only to a diminution of river flow, bfit 
to an increased diversion on the part of all the ditches, most of which had been gradually enlarged from time to 
time. Surveys have already demonstrated the feasibility of holding flood waters at various point^s, particularly 
in the valley above the Huttes, 15 miles from Florence. 

The principal ditches on the north side of the Gila river are Moore, McLellan, Stiles, and Swiss; on the south 
side, Brash, the Florence canal, Montezuma, Holland, Alamo Amarilla, Brady, Adamsville, White, and Walker. 
Nearly all of these are owned by individuals, the principal exceptions being the Florence canal and the Montezuma 
and Alamo Amarilla ditches. The McLellan ditch heads about 10 miles above Florence, covering lands on the 
north side of the river. It is over 5 miles in length, 4 feet in width, and the cost was probably §5,000. Work 
was began in 1871, and the ditch was finished in 1S72. Water is diverted by means of a dam composed of 
triangular cribs loaded dow^n with rock and covered with brush and stone. There is generally an ample supi)ly, 
but need of water is sometimes felt in June, July, and August. The first croj) raised consists mainly of barlej% 
wheat, beans, and early corn, and the second crop of beans, corn, sweet potatoes, pumpkins, watermelons, and 
sugar cane. Water is usually turned into the ditch in Oittober and November, and used until the end of the 
spring floods. It is stated that the water in this part of the river has been diminishing for years, owing probably- 
to diversions from the San Pcilro and from the Gila near Solomonsville and other towns. The Swiss ditch takes 
water from the north side of Gila river in the vicinity of Florence. It is about 4 miles long, 10 feet wide, and 
probably cost about $2,500. It was begun in 1872 and us(^d in the same year. The water supply at this point is 
often insufticient, generally on account of the fact that it is divertc»d at points above by other canals having prior 
rights. The need is felt most in May, June, and tluly, and sometimes in August. The principal crops irrigated 
are alfalfa and grain, the latter being cut sometimes for hay, and besides these, garden vegetables and fruit trees 
are watered regularly. 

Th^^oieucftcaiial^ heads about 12 miles above the town of that name and, coming out of the south side of the 
river, it is continued be>^ml the town in a southwesterly aiul stmtherly course nearly to the Southern Pacific .y/ 
railroad. The total length is reported to be upward 6f 50 miles, the average width 20 feet, and the cost was placed ^ 
at i?400,000. Work was begun (n 1880,^nd water was first used in 18S8. The diverting dam is of brush and is 
replaced each year. The canal is_owned by a corporation which sells water^rig^iits at the rate of $8 per acre ab ove y 
the reservoir and $12.50 per acre below the resei^voir. The annual assessment is $1.25 per acre. A reservoir has — 
beeiTconslructed about"2o miles from the head of the canal, having an area of 1,800 acres and an estimated storage 
capacity of 6,000,000,000 gallons. Besides this it is proposed to construct another reservoir at the Buttes, about 3 
miles above, the head gates. 

Yavapai county, the largest in the United States (ff), comprises about one-fourth the area of Arizona. The 
county contains an exceedingly small pro])ortion of irrigable land, since it includes that part of Arizona adjoining 
Utah which c<mtaii»s the greater portion of the grand canyons of the Colorado. These stupendous gorges cut the 
great plateau to the depth of from 3,000 to 0,0(10 feet. The minor lateral canyons, in which flow the tributaries of the- 
Colorado, are also cut to a great depth, w^hich decreases toward their head waters. Thus the water of the m>rthern 
jiart of the territory, though large in amount, is wholly useless, lying as it does hundreds Jind thousands of feet 
below the level of the arable lands. It is only toward the southern portion of the county, where tlie great plateau 
b(»gins to break off and the valleys are less deep and narrow, that agriculture has been seriously attempted. 
Along the line of the Atlantic and Pacific railroad, which crosses the county from east to west, at an elevation of 
from 5,0:00 to 7,000 feet, some crops, especially for forage, are raised without irrigation. For example, at Flagstaff", 
at an elevation of about 7,000 feet, corn, potatoes, and vegetables, as well as a little wheat, oats, and barley aiv. 
thus cultivated, the cereals being generally cut for forage puri)oses. The same is true of Prescott, although near 
tha place irrigation has bc^en employed wherever practicable. On the head waters of the Agua Fiia, at an. 
elevatum of about 4,500 feet, there is also a little dry farming. 



« Since 1880 Yavapai county baa l)een divided, the northern portion, with ilaKBtairah tlie tounty »e«t, beiiiK wt «itV under th* uune of CocoBino. 
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The priudpal bodies of irrigated hiuds are along the Verde river and its tributaries, Oak, Clear, Beaver, 
and other creeks, both above and below Camp Verde, where a number of small ditches have been built by farm 
owners. On Walnut creek, wliich heads west of Prescott and flows northerly into Big Chino valley, and on 
Granite creek to the east, all the available waters are utilized and the irrigators are discussing the feasibility of 
water storage. On the head waters of Hassayampa river, a short distance southerly from Prescott, two dams have 
been built, mainly for the purpose of supplying water for hydraulic mining. The u])per of these, that at Oro Fino, 
was built ab<mt 1885, the height being about 20 feet. It is locjited near the mouth of the upper canyon, below 
which is the farming land of Walnut Grove valley. This is abcmt 7 miles in length and from 1 to 3 miles in 
width. At the foot of this valley the Walnut Grove Water Storage ('omjiany built the dam the destruction of 
which by a great flood in February, 181H), caused large loss of life and pro]>erty. This dam was 420 feet long on top, 
138 feet wide at bottom, 15 feet wide at top, and 110 feet in greatest lieight. It was planned to use the water both 
for placer mining and purposes of stock raising on the plains of the valleys below. 

Yuma county, occupying the southwestern corner of the territory, com])rises lands having the lowest altitude 
and the liottest climate of Arizona. In these respects it is suq)assed by the desert regions of San Bernardino 
and San Diego counties, California, j)ortions of which are far below sea level. This area jwssesses the advantage 
of having a fair water supi)ly from the Gila, which flows westerly through it into the Colorado, which forms the 
boundary between Arizona and California. Along the (rila are several places where water can be brought out by 
means of canals, and the lands thus irrigated are capable of producing semitropical fruits. The Colorado itself, 
AS previoufily stated, probably can not be used to any great extent for irrigation in this territory, owing to the 
ahnost insurmountable difficulties of diverting water. Small bodies of land are being brought under irrigation by 
means of pumps, raising water to lands U])on or above the flood plains. This method of obtaining the water 
supply, althcmgh expensive, can probably be made profitable, owing to the value of the fruits produced. 

Along the Gila the principal canals projected or constructed are, on the north side, the Farmers, Purdy, and 
Mohawk, and on the south side the South Gila, Contreres, South Mohawk or Saunders, and Antelope, the relative 
location of these being shown on the map. (a) The Saunders is probably the oldest^aual along this part of the 
river, having been used first about 1868, but not completed until 1884. It i^ 10 miles long, 8 feet wide, and ha« cost 
^25,000. It is «)wned by a company which uses the water upon its own land. The annual cost for water is about 
50 c^nts per acre. The principal crops are alfalfa and barley, for the former of whi<*h almost constant irrigation is 
•<*onsidered nei^essary. 

a Some of XUtm? »v\\^mw for (livortiuji water \%«re abanduneU or modifie«l, owiog to the disatitrout tioo«l of 1891, which carrieil uway much of the prelimiDary 
«\\ork alooc the t»«iik(» 
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Total population (average per square mile, 7.75) 1. 208. 130 

Number of owners of farms (4.38 per cent of popniatiou) 52, 894 

Number of irrigators (25.96 per cent of farm owners, 1.14 per cent of population ) 13, 732 

Area of state, land surface (155,980 square miles) acres . IH^, 827, 200 

Area irrigated in census year do . . . 1, 004, 233 

Area of all farms, 57.04 per cent improved do. . . 21, 427, 293 

Cereals raised in census year, including 664 acres in buckwheat and 27.113 acres in rye do. . . 3, 812, 751 

Barley, average production, 21.51 bushels per acre do . . . 815, 995 

Corn, average production, 33.87 bushels per acre do. . . 70, 303 

Oats, average production. 25.41 bushels per acre do . . . 57, 569 

Wheat, average i)roduct.ion, 14.39 bushels per acre do. . . 2, 840, 807 

Alfalfa do... 245,915 

Total value of all farms, including land, fences, and buildings $697, 116, 630 

Estimated total value of the farms irrigated in whole or in part $150, 635, 000 

Estimated value of all farm productions (sold, consumed, or on hand ) for 1889 $87, 033, 290 

Estimated value of productions, as above, from farms irrigated in whole or in part $19, 080, 000 

Average size of irrigated farms acres . . 73 . 

Average size of irrigated farms of 160 acres and upward do. . . 547 

Per cent of acreage of irrigated farms of 160 acres and upward to total acreage irrigated 61. 88 

Average size of irrigated farms under 160 acres acres . . 30 

Average first cost of water right per acre $12. 95 

Average annual cost of water per acre $1. 60 

Average first cost per acre of preparation for cultivation $17. 48 

Average value of irrigated land, including buildings, etc., in June, 1890, per acre $150. 00 

Average annual value of products per acre, in 1889 $19. 00 

COMPARISONS WITH OTHER STATES. 

Compariug Calitbmia with the other 10 states and territories which go to make up the arid region as previously 
defined, it is seen that this state in area irrigated, number of irrigators, and average vahie of products per acre 
during the census year stood at the head, Colorado coming second in point of area, and Utah second in number of 
irrigators. In average size of irrigated area, 73 acres, California was number 5. When the area irrigated is 
considered in comparison with the size of the state, California stands second, since Colorado had 1.34 per (*ent of 
its entire land surface irrigated, and California 1.01 per cent. Taking the total number of farms in the state and 
placing against this the number irrigated, the relative importance of irrigation seems to fall in the scale; for 
California with only 25.00 per cent of all farms irrigated comes number 10 in the list, but this is somewhat 
compensated lor by the large size of the farms irrigated, 17.86 per cent of land owned by irrigators being watered, 
the state standing seventh in this respect. 

In average value on June 1, 1890, of farm land irrigated, $150 i)er acre, Californiu leads the list, Utah 
coming second, with $84.25 per acre. This figure exhibits perhaps better than any other the extraordinary vahies 
of land in California arising from its utilization for orchards and vineyards. The value of these ranges from ^l\00 
to $500 and upward per acre, thus greatly raising the average value of irrigated land, which of course also includes 
gi-eat areas devoted to the raising of hay crops. The sanie fact is exhibited, though perhaps not as clearly, in the 
high average value of products per acre in 1880 and in the large average first cost of water rights, $12.05 per acre, 
and average value of these in 1890, $39.2S per acre, a liigh cost and value l)eing justified by the enormous profits 
resulting ftom successful fruit culture. In short, it may be said that the conditions in California, although by no 
means perfect, have produced such results that the}' have served to stimulate development in all parts of western 
United States. Much is still to be accomplished by the subdivision of the great irrigated holdings, this state 
standing first in the aggregate area and average size of irrigated holdings of over 160 acres in area. These, although 
embracing 61.88 per cent of the total area irrigated, are not of as great relative importance as in Nevada and 
Wyoming, where the large farms are devoted mainly to the forage crops. 
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is the Pennsylvania Ranchilitcb, 7 miles jarig and 3 feet wide, receiving its water mainly from the springs ol 
Sonoita creek, corn, alfalfa, and barley being irrigated. At the junc^tion of the Sonoita with the Santa Cruz, about 
8 miles north of Nogales, is a ditch 4 miles long and 3 feet wide, which is stated to have ex)st $800. Among the 
ditches farther down on the Santa Cruz is one on the west side, taking water out in the vicinity of San Xavier, 4 
miles in length and from 2 to 8 feet in width. The annual cost of water is estimated to be 50 cents per acre. 
Farther north, in the vicinity of Tucson, is the Goodwin ditch, covering land on tlie ea^t side of the river. It is 
3.5 miles long, about 3 feet wide, and has cost jB2,500. Water is obtained from an open cut, penetrating the bed of 
the river to a depth of about 6 feet. The Davidson canal takes water from Killito creek, a stream usually dry 
on the surface for about one half of the year, the sandy channel, however, being saturated with water. Work 
was begun about 1887, and the cost before <*ompletion had already reached $25,000. It is proposed to draw the 
water fiom a dei)th of 14 feet beneath the surface by means of a drain or aqueduct 4 feet.G inches wide and 3 feet 
inches high at the sides. This is to be so protecttnl that floods will pass over it without injuring it. The object 
sought is to secure a permanent sui>[)ly of water in order to guarantee the success of orchards and vineyards. Tlie 
ordinary surface ditches are not always sure of receiving water, and while annual crops can be raised, vineyards 
and orchards have been lost or injured by total failure of supi^ly. 

Pinal cointy includes a portion of the Gila valley above the mouth of Salt river, and in some respects 
possesses advantages for irrigation as great as those had by the hinds in the vicinity of Pheuix. The agricultural 
land now utilized is mainly in the vicinity of Florenc^e, along the river below the point where it cuts through a 
transverse range of hills or mountains. Above this point, along and below the mouth of San Pedro creek, is a 
second district in which irrigation is ])ractice(l, water being obtained from the creek at various points above the 
town of Dudleyville and also from the river in the valley below that place. The cereal most cultivated is barley, 
next in importance to this is wheat. Large acreages have been devoted to alfalfa, and each year the area in 
orchards and vineyards steadily increases. 

The quantity of water available has been measured for one year only. The gauging station on the Gila was 
located about 15 miles above the town of Florence, at the Buttes, being thus above the head of canals and where, 
owing to the character of the channel, the best results could be obtained. The following table gives the computed 
discharge. This was a year of prevailing low water, and there were few of the sharp, sudden floods so characteristic 
of the stream. One of these occurred in August, 1890, just previous to the abandonment of the station, (a) 

GILA RIVER AT BITTES, ARIZONA. 

(Drainage area 13,750 ^*fn^aIv miles.) 



DISCHARGK IX HECOXD- 
FEET. 



UrX-OFF. 



MOXTHS. 



Maxi- 
mum- 



Mini 
mum. 



Mean. 



Total for 
mouth in 
acre-leet. 



1889. 
August 26 tu 31 

September 

Ortober 

November 

December 



124 
210 
210 
250 
890 



110 
90 
140 
156 
V2i 



115 
128 
157 
212 
275 



7.072 

7.616 

9.655 

12.614 

16. 912 



Depth 

in 
iiichen. 



0.009 
0.010 
0.013 
0. 017 
0.023 



Sec'omi- 

feet per 

Mquare j 

mile. ! 



0.008 
0.009 
0.014 
0.015 
0. 020 



IHSrHAKGK IN SECOND 
FEKT. 



RirxoFF. 



MONTHS. 



Maxi- Mini- 



Total for i; 
month in ',\ 
acre-feet. 



mum. 



mum. 



Mean . 



Secoud- 



18110. 



Janiiary . 
February 
March..'. 

April 

May 

eluuo 

Julv 







2. 100 


310 


1.514 


405 


710 


300 


333 


158 


150 


35 


.•J5 


27 


'A. 112 


11 



Auffusl. 6.330 1 1.115 3 



680 
578 
387 
238 
87 
28 
130 
137 



41,8§0 

32, 079 

2:j, 805 

14, 161 

5.350 

1,666 

7.995 

192.925 



iuchea.i »*!".*"' 
mile. 



0. 057 
0.044 
0. 032 
0.019 
0.007 
0.002 
0.011 
0. 262 



0.049 
0.042 
0.028 
0.017 
0.006 
0.002 
0.009 
0.228 



San Pedro creek was gauged for a time during the summer of 1890, and discharges were computed, as shown 
in the table on the following page. As previously stated, the low water prevailed during this year and little 
irrigation was possible^ from the waters of this stream. Above the point of measurement there were at the time 
a number of ditches, mainly of from 1 to 2 miles in length, taking out water, so that, omitting the small floods which 
occasionally o(!curred and lasted for a few hours, the (luantity measured may be considered perhaps as representing 
the seepage water. Although this stream has a large catchment area, the run-oflf, like that from adjacent basins, 
is exceedingly small. 



a The «reatettt tlood known in ^ears happened in February, 1891, the total amount of which, however, hatt not been ai)proximated. 
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SAN PEDRO, AT DUDLEYVILLE, PINAL COUNTY, ARIZONA. 

(I)ratuai£e area 2.819 sqiian* miles.) 



Dl^CHABUK IN SECOND- 
FEET. 



KIXDKF. 



MONTHS. 



Maxi- 
luuin. 



1890. 

April 9 to 30 21 

May I 9 

June ' 5 



Mini 
mum. 



5 
5 



Mean. 



Total for 
month iu 
ariv-feet. 



Depth 

in 
inches. 



Se<"ond- 

feet per 

s(| narc 

mile. 



DKSCHAROB IN SEOOMD- 
FEET. 



MONTHS. 



14 
6 



83.'l 
179 



O.OO.'i , 

0.002 

0.001 



0. oor) 

0. 002 
0. 001 



July ... 
August 



1890. 



Maxi- 
mum. 



22.> 
507 



RUK-OFF. 



Mini- 
mum. 



1 
102 



Menu. 



Total ibr 
month in 
acre-fbet. 



13 
295 



800 
18,140 



Depth 

in 
iuche». 



0.005 
0.121 



Second 

feet per 

square 

mile-. 



0.005 
0.105^ 



The necessity of water storage is perliaps as well ii])i)re(iated in this county as in any part of the territory. 
During the census year there was unprecedented scarcity of water, due not only to a diminution of river flow,l)Tit 
to an increased diversion on the part of all the ditches, most of which had been gradually enlarged from time tt> 
time. Surveys have already demonstrated the feasibility of holding floo<l waters at various points, particularly 
in the valley above the Buttes, 15 miles from Florence. 

The principal ditches on the north side of the Gila river are Moore, McLellan, Stiles, and Swiss; on the south 
side. Brash, the Florence canal, Montezuma, Holland, Alamo Amarilla, Brady, Adamsville, White, and Walker. 
Nearly all of these are owned by individuals, the principal exceptions being the Florence canal and the Montezuma 
and Alamo Amarilla ditches. The McLellan ditch heads about 10 miles above Florence, covering lands tm the 
north side of the river. It is over 5 miles in length, 4 feet in width, and the cost was probably $5,000. Work 
was begun in 1871, and the ditch was finished in 1S72. Water is diverted by means of a dam composed of 
triangular cribs loaded down with rock and covered with brush and stone. There is generally an ample supply, 
but need of water is sometimes felt iu June, July, and August. The first <tox) raised consists mainly of barley, 
wheat, beans, and early corn, and the second crop of beans, com, sweet potatoes, pumpkins, watermelons, and 
sugar cane. Water is usually turned into the* ditch in October and November, and used until the end of the 
spring floods. It is stated that the water in this part of the river has been diminishing for G years, owing probably 
to diversitms from the San Pedro and from the Crila near Solomonsville and other towns. The Swiss ditch takes 
water from the north side of Gila river in the vicinity of Florence. It is about 4 miles long, 10 feet wide, and 
probably cost about 82,500. It was begun in 1872 and used in the same year. The water supply at this point is 
often insuftlcient, generally on account of the fact that it is diverted at points above by other canals having prior 
rights. The need is felt most in May, June, and .luly, and sometnnes in August. The principal crops irrigated 
are alfalfa and grain, the latter being cut sometimes for hay, and besides these, garden vegetables and fruit trees 
are watered regularly. 

Th^^^euce^ canal heads about 12 miles above the town of that name and, coining out of the south side of the 
river, it is continued beyoTitT the town in a southwesterly aiul southerly course nearly to the Southern Pacific 
railroad. The total length is reporte4to be upward 6f 50 miles, the average width 20 feet, and the cost was placed 
at $400,000. Work was begun (n 1880,^nd water was first used in 1888. The diverting dam is of brush and is 
replaced each year. The caiial is o wned by a corporation which sells w ater r ights <^t J^he^rate o f $8 i)er acre above 
the reservoir and $12.50 per acrejjelow the reservo ir. The annual assessment is $1.25 per acre. A reservoir has 
TeeiT con s Ir uc led 7lb6ul"2r) rolTesfrom the head of the canal, having an area of 1,800 acres and an estimated storage 
capacity of 0,000,000,000 gallons. Besides this it is proposed to construct another reservoir at the Buttes, about 3 
miles above, the head gates. 

Yavapai county, the largest in the Ignited States (a), comprises about one-fourth the area of Arizona. The* 
county contains an exceedingly small pro])ortion of irrigable land, since it includes that part of Arizona adjoining 
irtah which contains the greater portion of the grand canyons of the Colorado. These stupendous gorges cut the 
great plateau to the depth of from 3,000 to 6,000 feet. The minor lateral canyons, in which flow the tributaries of the 
Colorado, are also cut to a great depth, which decreases toward their head waters. Thus the water of the northern 
l)art of the territory, though large in amtmnt, is wholly useless, lying as it does hundreds and thousands of feet 
below the level of the arable lands. It is only toward the southern portion of the county, where tJie great plateau 
begins to break oft* and the valleys are less deep and narrow, that agriculture has been seriously attempted. 
Along the line of the Atlantic and Pacific railroad, which crosses the county from east to west, at an elevation of 
from 5,000 to 7,000 feet, some crops, especially for forage, are raised without irrigation. For example*, at Flagstaff", 
at an elevation of about 7,000 feet, corn, potatoes, and vegetables, as well as a little wheat, oats, and barley air, 
thus cultivated, the cereals being generally cut for forage juirposes. The same is true of Prescott, although near 
tha place irrigation has been employed wherever practicable. On the head waters of the Agua Fria, at an; 
elevation of about 4,500 feet, there is also a little dry farming. 



^ 




«t Since 1800 Yavapai county has been divided, the northern (lortion, with Pla^stalTas the county neat, bein^ wt wtl' under th* name of Cocomiiu»4 
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The principal bodies of irrigated hinds are along the Verde river and its tributaries, Oak, Clear, Beaver, 
and other creeks, both above and below Camp Verde, when* a number of small ditches have been built by farm 
owners. On Walnut creek, which heads west of Prescott and flows northerly into Big Chino valley, and on 
Granite creek to the east, all the available waters are utilized and the irrigators are discussing the feasibility of 
water storage. On the head waters of Hjissayampa river, a short distance southerly from Prescott, two dams have 
been built, mainly for the purpose of supplying water for hydraulic mining. The ui)i)er of these, tlmt at Oro Fino, 
was built alwmt 1885, the height being about 20 feet. It is located near the mouth of the upper canyon, below 
which is the farming land of Walnut Grove valley. This is about 7 miles in length and from 1 to 3 miles in 
width. At the foot of this valley the Walnut Grove Water Storage Company built the dam the destruction of 
which by a great flood in Febiuary, 1800, caused large loss of life and pro])erty. This dam was 420 feet long on top, 
138 feet wide at bottom, 15 feet wide at top, and 110 feet in greatest height. It was planned to use the water both 
for ])]acer mining and purposes of stock raising on tlie plains of the valleys below. 

Yuma county, ocrcupying the southwestern corner of the territory, comprises lands having the lowest altitude 
and the hottest climate of Arizona. In these respects it is surpassed by the desert regions of San Bernardino 
and San Diego counties, California, ])ortions of which are far below sea level. This area possesses the advantage 
of having a fair water supi)ly from the CJila, which flows westerly through it into the Colorado, which forms the 
boundary between Arizona and California. Along the Gila are several places where water can be brought out by 
means of canals, and the lands thus irrigated are caj)able of producing semitropical fruits. The Colorado itself, 
as i)reviou«ly stated, probably can not be used to any great extent for irrigation in this territory, owing to the 
almost insurmountable difficulties of diverting water. Small bodies of land are being brought under irrigation by 
means of pumps, raising water to binds upon or above the flood plains. This method of obtaining the water 
«upi)ly, altlumgh expensive, can probably be made profitable, owing to the value of the fruits produced. 

Along the Gila the principal (?anals projected or constructed are, on the north side, the Farmers, Purdy, and 
Mohawk, and on the south side the South (iila, Contreres, South Mohawk or Saunders, and Antelope, the relative 
location of these being shown on the map. (a) The Saunders is probably the oldest canal along this i)art of the 
river, having been used first about 1868, but not completed until 1884. It i$ 10 miles long, 8 feet wide, and has cx)st 
ig2o,000. It is owned by a company which uses the water upon its own land. The annual cost for water is about 
50 cents per acre. The jirincipal crops are alfalfa and barley, for the former of which almost cx)nstant irrigation is 
considered necessary. 

a Some of theni* srhemeM for cliviTting water \iere abandoned or uioditietl. owinf; to the disai^truut Howl of 1891, which « arried avay much of the preliminary 
«-.vorTi aloD}; the haiikd 
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Total population (average per square mile, 7.75) 1, 208, 130 

Number of owners of farms (4.38 per cent of population) 52, 894 

Number of irrigators (25.96 per cent of farm owners, 1.14 per cent of population ) 13, 732 

Area of state, land surface (155,980 square miles) acres . 99, 827, 200 

Area irrigated in census year do . . . 1, 004, 233 

Area of all farms, 57.04 per cent improved do. . . 21, 427, 293 

Cereals raised in census year, including 664 acres in buckwheat and 27.413 acres in rye do. . . 3, 812, 751 

Barley, average production, 21.51 bushels per acre do. .. 815,995 

Com, average production, 33.87 bushels per acre do. . . 70, 303 

(^)ata, average production. 25.41 bushels per acre do . . . 57, 569 

Wheat, average production, 14.39 bushels ])er acre do . . . 2, 840, 807 

Alfalfa do... 245,915 

Total value of all farms, including land, fences, and buildings $S97, 1 16. 630 

Estimated total value of the farms irrigated in whole or in part $150, 635, 000 

Estimated value of all farm productions (sold, consumed, or on hand ) for 1889 $87, 033, 2t)0 

Estimated value of productions, as above, from farms irrigated in whole or in part $19, OHO, 000 

Average size of irrigated farms acres . . 73 . 

Average size of irrigated farms of 160 acres and upward do . . . 547 

Per cent of acreage of irrigated farms of 160 acres and upward to total acreage irrigated 61. 88 

Average size of irrigated farms under 160 acres acres . . 30 

Average first cost of water right per acre $12. 95 

Average annual cost of water per acre $1. 60 

Average first cost per acre of preparation for cultivation $17. 48 

Average value of irrigated land, including buildings, etc., in June, 1890, per acre $150. 00 

Average annual value of products per acre, in 1889 $19. (H) 

COMPARISONS WITH OTHER STATES. 

CompariDg California with the other 10 states and territories which go to make np the arid region as previously 
defined, it is seen that this state in area irrigated, number of irrigators, and average value of products per acre 
during the census year stood at the head, Colorado coming second in point of area, and Utah second in number of 
irrigators. In average size of irrigated area, 73 acres, California was number 5. When the area irrigated is 
considered in comparison with the size of the state, California stands second, since Colorado had 1.34 per cent of 
its entire land surface irrigated, and California 1.01 per cent. Taking the total number of farms in the state and 
phicing against this the number irrigated, the relative importance of imgation seems to fall in the scale; for 
California with only 25.1)() per cent of all farms irrigated comes number 10 in the list, but this is somewhat 
compensated for by the large size of the farms irrigated, 17.86 per cent of land owned by irrigators being watered, 
the state standing seventh in this respect. 

In average value on June 1, 1890, of farm laud irrigated, $150 per acre, California leads the list, Utah 
coming second, with $84.25 per acre. This figure exhibits perhaps better than any other the extraordinary values 
of land in California arising from its utilization for orchards and vineyards. The value of these ranges from 8300 
to $500 and upward per acre, thus greatly raising the average value of irrigated land, which of course also includes 
gieat areas devoted to the raising of hay crops. The same fact is exhibited, though perhaps not as clearly, in the 
high average value of products per acre in 1881) and in the large average first cost of water rights, $12.05 per acre, 
and average value of these in 1890, $39.28 per acre, a high cost and value being justified by the enormous profits 
resulting from successful fruit culture. In short, it may be said that the conditions in (California, although by no 
means perfect, have produced such results that they have served to stimulate development in all parts of western 
United States. Much is still to be accomplished by the subdivision of the great irrigated holdings, this state 
standing first in the aggregate area and average size of irrigated holdings of over 160 a(;res in area. These, although 
embracing 61.88 per cent of the total area irrigated, are not of as great relative imi)ortance as in Nevada and 
Wyoming, where the large farms are devoted mainly to the forage crops. 
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GENERAL DESCRIPTION. 

California stands at the head of the states and territories not only in acreage of land irrigated and in value of 
the products, but in many other features it is unique and easily leads in its developments along this line of 
agricultural prosperity. The wonderful advantages of the state due to its peculiar topography and the resulting 
climatic conditions and water supply render it difficult to make general conclusions which can be applied with 
safety to the arid regions farther to the east. It is often the case that persons knowing of the results obtained in 
California have argued that benefits as far reaching must necessarily follow irrigation everywhere, and have been 
disappointed by not taking full cognizance of the many almost unparalleled features of this great sea coast state. 

California as a whole can not be said to be arid; in fact tlie greater part of its broad valley lands possess a 
mean annual rainfall sufficient for maturing the small grains, but the necessity for irrigation lies mainly in the 
fact that the greater part of the rainfall occurs during winter and early spring and that for months during summer 
and autumn hardly a drop falls. This fact is brought out most clearly by the diagrams shown in preceding figures 
and by a subsequent table. In the really arid ])ortions of the state, namely, those east of the Sierra Nevadas, 
irrigation has made relatively little [)r()gress, but its greatest development, excepting perhaps in Kern and Tulare 
counties, is to be found where wheat growing has been carried on successfully for years without the artificial 
application of water. The one factor which forces irrigation into such prominence in California is its vital 
importance to fruit growing in many sections. Were it not for this the subject of irrigation as adding immensely 
to the value of the lands of the state would receive comparatively little attention, for, next to the orchards and 
vineyards, the crop which depends most upon irrigation is alfalfa, ranking when compared with fruits far down 
in the scale of value. Taking away the fruit and alfalfa, irrigation would become of little moment, as the ordinary 
field crops are probably raised on the whole as i)rofitably without as with this means of supplying moisture. 

The most striking feature of the topography of California is the great valley between the Coast and Sierra 
Nevada ranges, opening near its center by a break in the first named mountains. The Sacramento river coming 
from the north meets here the San Joaquin from the south, and together their waters enter in succession a number 
of inland bays to mingle with those of the ocean. The Sierra Nevadas on the east, as a whole, dip gently toward 
this interior valley; the lower portions of the mountains being partially buried beneath its sediments, while they 
present abrupt faces to the country farther to the east, furnishing a small cat<5hment area for the streams which 
escape in that direction. South of the great valley of California, and at some distance below its southern end^ 
are chains of mountains near the coast, some of which, the San Bernardino in particular, rise to extraordinary 
heights above their bases. They inclose or bound valleys near the coast, and by the steepness of their slopes in 
part protect these valleys and aid in furnishing an unusually large supply of running water. In the same way in 
the northern part of the state are mountain masses of irregular outline which also serve, though to a less degree^ 
in making valuable the lands around their feet. 

IMPORTANCE OF IRRIGATION. 

Irrigation is dependent upon the great toi)ographical features above mentioned, since these have a determining 
effect upon the quantity and distribution of the moisture. There is no county in the state in which crops of some 
kind have not been raised, in some localities at least, without irrigation, and on the other hand, there are many 
counties, notably those along the northern coast, in which the artifical application of water is not employed except 
in rare instances. Thus, in discussing the importance and development of this method of agriculture it is 
necessary at all times to bear in mind the topography of each region as well as the resulting precipitation and 
water supply. Grouping the counties of the state as regards the necessity and advantages of irrigation, those in 
the southern end, forming what is popularly known as southern California, come first. Here, as a whole, the returns 
arising from the introduction of irrigation have been largest and the aggregate investment in irrigation works 
as regards the quantity of water handled has been the greatest, the systems for water storage and distribution 
being far in advance of those of any other part of the United States. 

Next to the counties of southern California in the order of importance of irrigation come those in the southern 
or upper end of the San Joaquin valley, where the artificial api)lication of water is essential in bringing about a 
higlier state of development of agriculture. In these counties the production of the cereals and the raising of 
cattle and sheep were more or less successfully carried on before the construction of iiTigating canals, so that 
in one sense this great valley was settled in a general way before irrigation was i)racticed to any considerable 
extent, but in order to support a dense poi)ulation and to bring about a corresponding increase in value of lands 
great systems of water distribution were ccmstructed, these being among the largest in the state and in the whole 
United States. The locality standing third as regards necessity of irrigation comprises counties in the Sacramento 
valley, where agriculture fiourished and land values were comparatively high before the present ditch systems 
were built or used for agri(!ultural purposes. Here mining and stock raising have always been of first 
imi)ortance, and it is only within the last decade that fruit growing has forced its w ay toward the front. The use 
of water in the Sacramento valley is mainly confined to the foothill region, where, at elevations above that of the 
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central valley, orchards and vineyards flourish and yield wonderful results. Water is obtained to a large extent 
from the flumes and ditches constructed for working the placers and other deposits in which the hill country 
almunds. On the passage of the law relative to hydraulic workings many of these ditches fell into divSuse and 
would have become entirely abandoned had not the discovery been made that the climate and soil of adjacent 
localities were singularly favorable for the production of fruit. These old mining ditches have therefore been 
extended and others constructed to meet the constantly increasing needs. 

The northern counties of California and those lying along the eastern front of the Sierra Nevadas rank fourth 
as regards the imi)ortance of irrigation. Artificial watering of the fields is practiced mainly for the purpose of 
raising forage croi>s on the broad meadow lands which occur in many of tlie basins within these counties. On 
account of the general lack ot* transportation facilities fruit growing has not reached a high degree of importiince, 
and the irrigation works in use are of the simplest ])ossible description. The coast and bay counties, as before 
mentioned, have little, if any, need for irrigation, and where this is practiced it is generally in a small way, a few 
acres of trees or alfalfa being watered. The annual lainfall is sufficient for all needs, but there is a time in 
summer during which water may be of benefit if applied Judiciously. In many of the northern and coast counties 
irrigation is practiced not only to furnish the recjuisite moisture, but also to prevent the ravages of various small 
animals, and in particular to protect the fields of alfalfa. In many localities the so-called gophers are particularly 
destructive, breeding with incredible rapidity and ravaging the alfalfa fields, which they honeycomb with their 
burrows. A thorough flooding of the whole area must, of course, completely fill their holes, and as a result these 
little pests are drowned. 

RAINFALL AND WATER SUPPLY. 

The great fluctuation in rainfall month by month has been illustrated by diagrams in the preceding pages, 
where are shown the relatively heavy rainfall in the early part of the year «and the almost complete lack of 
precipitation during August, September, and October. This same charaiiteristic prevails throughout the state, 
whether the mean annual rainfall be large or small, and has perhaps more influence as regards the impoilance of 
irrigation even than has the total amount of the annual precipitation, (a) Though the annual rainfall may be as 
large as that in some of the eastern states, yet it is necessary to guard against the evil effects to orchards and 
vineyards of the long severe drought of summer and autumn by building expensive canal systems and providing 
other means of distributing the water. 

The water supply of the state is far better than that of any of the arid states and territories to the east. The 
Sierra Nevadas and other ranges force the moisture laden winds coming from the ocean to drop a large part of 
this moisture in the form of snow or rain, giving rise to ahnost innumerable streams. These flow down to the 
valley lands, bringing sediment of considerable value to plant life. Many of the smaller streams at least sink into 
the ground at points near the e<lges of the valleys, and thus to obtain the largest and best use of their waters 
they must be diverted before they leave the canyons in the foothills. The total quantity of water in many of 
tliese streams has been measured from time to time and computations have been made of the discharges month by 
month for several years in succession, this work being carried on mainly under the direction of the state 
engineering department. The results of this work are given in the county descriptions. 



a The subject is more fully treato<l in Irrif^ation and Water Storage in the Arid Regions, by General A. W. Greely, Chief Signal Officer, United St*tes army. 
Fiity-ftrtt Congress, siecond session. House of KeprcsentaUves, Executive Document No. 287, February 28, 1891. 
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Dt 


0,1L 


0.22 


0,07 
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B I 


W 


0.00 


o.oa 


0.04 


l.«2 


0,01 


0,15 


0.02 


l.W 


V.52 < 


52 




o.ot 


0.17 


1.28 


3.02 


»7 


<l,3l 


0.15 




1:« 


o! im ( 


09 


It 
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11. M 


1.19 


10 
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!:wj S 


24 


S:SJ 


0.02 


S:J? 


1.22 




17 


0.01 


T. 


0.12 


i.n:) 


1.12 1 


DO 
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0.19 
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.U 


o!!;5 I 


IS 
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T." 
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30 
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0.25 


1^5 
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T, i 0, 00 ; 



San Frinviac' 

&iuJ<H>iiiili<>.'aiii 

l.Bllirup 



foTtCriHik.... 
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MEAN MONTHLY AND AXNIAL RAINFALL AT STATIONS IN CALIFORNIA— Continued. 



LOCALITIES. 



Staoislana county: 

La Grange 

Turlock 

Sutter county : 

Nicolana 

TehMna coauty : 

Red Bluff *. 

Tehama 

Trinitv county : 

W'eaverville 

Tulare county : 

Goehen 

Tulare 

Ventura county : 

San Buena Ventura. 
Yolo county: 

Davisville 

Knight Landing — 
Tuba county : 

Haryaville 

Smartville 



Alti- 
tude. 



Length ■!„„„ 
y , Janu- 

record, i ^^^' 



Feet. 
250 
106 



YrM. Mo». 
a20 11 
11 5 



Inehet. 
2.79 
1.40 



Vi all 8 



342 
220 



18 
alH 



6 

I 



2, 162 12 8 



289 
280 



an 

16 



6 
3 



50 all 



r)l 
35 

67 
800 



al8 10 
al2 10 



al9 
a9 



4 
9 



^Sry" March. 1 April. , May. 



Jnehet. 
2.63 
1.17 



3.36 ! 2.44 



4.37 
2.75 

7.64 

1.12 
1.48 

3.65 

3.30 

2.84 

3.40 
7.11 



I 



3.41 
2.10 

6.01 

1.18 
1.07 

2.83 

2.17 
2.35 

2.45 
5.70 



Jnehe*. 
2.56 
1.28 

2.02 

2.93 
2.31 

3.83 

1.12 
0.96 

1.98 

2.21 
2.52 

2.40 
4.48 



Inehet. 
1.55 
1.42 



Inehe*. 
0.00 
0.47 



2.76 0.54 



1.98 
1.24 

3.01 

1.13 
0.96 

1.61 

1.58 
2.09 

1.55 
2.85 



0.94 
0.56 

1.44 

0.32 
0.38 

0.15 

0..58 
0.80 

0.75 
0.79 



June. July. AugUHt 



Septem- 
ber. 



i Octo- 
I ber. 



Inchet Inches. : Inehe$. 
0. 05 1 T. I T. 

T. 



0.17 

I 

0.40 I 

I 

0.45 ; 

0.26 1 

0.70 



0.07 : 

0.08 I 
0.03 



0.14 
0.30 

0.31 
0.40 



0.11 I 
0.05 ; 



T. 

0.04 
0.04 



0.10 
1 . 


0.45 


0.05 . 
0.17 


0.01 



O.Ol 
T. 

0.01 
0.04 



T. 
T. 

T. 



Inehet. 
0.28 
0.19 

0.26 

0.40 
0.15 

0.49 

0.10 
0.02 

0.13 

0.12 
0.19 

0.18 
0.10 



Inches. 
0.88 
0.63 

0.75 

1.58 
1.24 

2.13 

0.63 
0.40 

0.31 

0.87 
0.82 

1.16 
1.35 



Novem- 
ber. 



Iiuhet. 
2.28 
1.80 

2.00 

3.13 
1.87 

6.14 

0.80 
0.52 

3.28 

1.78 
1.99 

1.99 
3.35 



Decem- 
ber. 



Inches. 
2.09 
1.75 

3.42 

4.45 
3.23 

6.37 

1.50 
1.08 

3.72 

3.98 
3.30 

3.89 
4.51 



AnnnaL 



Indies. 
16.61 
10. 2S 

18. 5S 

23.79 
15.80 

38.31 

7.97 
7 00 

17.87 

16.74 
17.20 

18.09 
30.68 



a Record broken. 



STATE INVESTKfATIONS. 

A carefiil examination of the water supply in tlie Sa<»Tainento and San Joaquin basins was begun in June^ 
1878, by the state engineering department of California. Surveys were made for the purpose of obtaining facts 
bearing upon the solution of problems relating to drainage, river improvement, mining detritus, and irrigation^ 
this work being carried on through a number of years. The state engineer published a number of annual reports^ 
giving in detail the operations of his department, and also a preliminary volume of results, (a) In the following pages- 
reference will be made frequently to this collection of statistics. He also prepared two volumes, one entitled 
** Irrigation Development" (5), the other "Irrigation in Southern California". 

As one of the results of the work of the state engineering department there are now available computations 
of the monthly discharge of many of the more important rivers and creeks whose waters are employed in irrigation^ 
these data covering the period from November, 1878, to October, 1884. Since that time few, if any, measurements 
have been made other than observations of the height of water from day to day on the railroad bridges of the 
Southern Pacific railway. 

IRRIGATION DISTRICTS. 

The early growth and development of irrigation in California have been similar to that in other parts of the 
arid region in the general lack of system or broad plans. Small ditches have been built by farmers, acting singly 
or in concert, and these have been enlarged and extended from year to year. Corporations and wealthy land 
owners also have sought to increase the value of vast estates by constructing canals, and, in short, each owner or 
group of owners has consulted only the immediate advantages to be obtained. Added to the complications which 
have necessarily arisen has been the question of riparian rights, es])ecially troublesome and vexatious as the use 
of water became more and more valuable. Relief was sought by the passage, in 1887, of what was known as 
the District law, creating irrigation districts, these being corporations of a public character, possessing powers 
sufficient to overcome the obstacles interposed by conflicting interests, and empowered each within its own borders 
to construct the best i)ossil)le system for conserving and distributing the waters. The irrigation district is in some 
respects similar to a municipal organization, but it has a single aim, that of delivering water in sufficient quantities 
to all of the lands embraced within its borders, and for tliis ultimate end all of its resources and the eflbrts of its 
officers are to be bent. 

The law provides for tlie creation of districts by petition addressed to the board of supervisors of the county 
and by ballot of the electors of the district sought to be established. The board of supervisors is compelled to set 
a day for the hearing of the petition upon notice given, and if the petition establishes the allegations the election 
is ordered. Provision is made for the defining of boundaries, election of officers, and other requisites. After a 
feasible system has been determined upon by a competent engineer the board of directors may submit to the people 
of the district the question as to whether all of the lands within the district shall be bonded in order to raise funds 
to construct the proposed works, purchase rights of way, or other property necessary for the completion of the 
n^Jiuired system of irrigation. If bonds are voted these are to be disposed of at not less than 90 per cent of their 
face value. The district officers are given powers sufficient to push forward the work of construction and to pay 

a . .iy.««Iral Data ami Statisticrt of California. TabloH iiiul mi'iioraiul.i of il.ita «olU'<'t«'il nnil <-()innilt*il \t\ tlio Mtatot'ii;:iiHM'rinucli'|»artnn'!it of California. Williain 
H«ni. Hall, statti fn-xinfir. Sacranienti*. 18^<' 

:; 'riviTijr t><« lii««t<trv, ciisionit*. lawn. ;i:. . . .i 'inistralive ?»,\.'>f«';ii!4 irhifin;: in irnualioii. wan-i loiir.M-s, and waU-rs in Frante. Italy, anil Sjiaiu. 
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for it from time to time by the sale of the reijuisite number of bonds, safeguards being provided for the protection 
of the district against loss or misappropriation of its funds. 

To aid in the sale of district bonds a somewhat novel provision of law has been put into successful operation. 
The superior courts of each county are empowered to examine into the legality and technical completeness of the 
acts of the district otficers as far as these concern the bonds, and to issue a decree confirming all proceedings 
leading up to the organization of the district and the issuance of its bonds. This act of confirmation is intended 
as a safeguard, and one which shall act as an inducement to investors to purchase this class of securities. The 
only question wliich should then arise in tlie mind of the possible purchaser should be as to whether the real 
estate offered as security was of sufticient vahie. 

In the five years following the passage of this act upward of 40 irrigation districts have been formed or 
seriously ])roposed, and the gieater number of these havc^ completed their organization and offered bonds for sale. 
There has been considerable difliculty in disposing of these bonds for cash for various reasons, many of these 
growing out of the novelty of the matter. At first there was a long struggle in the court before the constitutionality 
of the act and its amendments was settled beyond question. The main point being triumphantly carried, there 
have been many details requiring exact inte^rpretation and definition by legal decision. Meanwhile, in the practical 
operations of many of the districts, troubles and unforeseen contingencies have arisen which have tended to render 
capitalists unusufilly cautious and even timid. The management of affairs of this kind, although in theory not 
novel, has in operation developed peculiar features. Ai)parently in eiicli community it should be easy to select men 
of intelligence to conduct the affairs of a municipal corporation, from t Inch in many respects the irrigation district 
differs little, but unfortunately the election of district officials has not in many cases brought the best men to the 
front, and the consequence of intrusting large affairs in the hands of unskilled men has been too apparent. 

One feature of the typical irrigation district in which it differs most widely from other public associations is 
the fact that it starts at once by attempting to raise an enormous sum of money and to expend it toward the 
completion of a gigantic project. Little opportunity is given for i)reliminary work and the acquisition of experience 
so necessary in all hues of business; in other words, there is not the slow growth often essential for the success of 
great enterprises. Men are suddenly called upon to supervise the disbursement of hundreds of thousands or even 
millions of dollars and to take in charge the business of a great corporation, their only i)reparation being that of a 
small farmer or professional man in a country town. There are none of the minor rules or precedents so essential 
to the conduct of the innumerable details of a great business, and the personal judgment of each officer must 
be constantly exercised. It has thus resulted that boards of directors have been accused of extravagance, 
incompetence, and failure to select the best projects, and as a result investors have feared to purchase bonds of 
certain districts through doubts as to whether the money would be ai)plied in such manner as to increase the 
value of the land. It is of course assumed that the land and property of the district in its original condition is 
ample security for the bonds, but as a matter of fact the argujuent is constantly used that the money obtained 
through sale of the bonds will be used in such manner as to increase this security, (a) 



a The accompanying tabic givcH in alphal>ctical order tho namoH of the irrigation (Ii8|nrt8 whoite organization has been completed in whole or in part, together 
with a few of the principal facts concerning their area and tho amount of l>ondrt votc^ and sold : 

IRRIGATION DISTRICTS. AREA, AND lUJNDS VOTED AND SOLD.* 



IRBIOATION DISTRICTS. 



County 



Alessandro San Bomardino . . . 

Alta Froflno and Tularo 

Anaheim Orange 

Big Rock Creek 1 Los Angeles 

Brown Valley ' Yuba 



Central ! Glenn and Colusa . 

Citrus Belt San Bernardino . . . 

CoIuAa Glenn and Colusa. 

Dehesia 

East Riverside 



Los Angeles 
San Bernardino 



Area in 
acres. 



25,500 
129,927 
32,500 
30,000 
44,000 

156, 550 

12,000 

100.000 



l^mds 
vote<l. 



$765, 000 
675.000 
600,000 I 
400,000 I 
140,000 

750,000 
800,000 
600.000 ■ 



Bonds 

disposed 

of. 



$765,000 
528.000 
300, 000 
150.000 
140.000 

.^74, 000 



IRKIUATION lilSTRHTH. 



County. 



Mnrrietn 

Oliye 

Orland South Side. 
Otay 



San Diego 

San Bernardino 

Glenn 

San Diego 



Paltndale i Los Angeles . . . 

PerriK ; San Diego 

Pomona Orange Belt. J Los Angeles ... 

Poso Kern 

Rialto i San Ik'mardino 



3.600 250,000 100,000 



Elsinore San Diego 

Escondido | do 

Fallbrook do 

Glendora i Los Angeles . . . 

Grapeland ' Snn Bernardino 



11.300 
12,814 
12,000 
3. (KM) 
10,787 



4.52, 000 
450. 000 
400,000 
170.000 
200,000 



Riverside Heights j do 

San Diego San Diego. 

San Jacinto and Pleas- do 

ant Valley. 
San Marcos' do 



Area in 
acres. 


1 

1 Bonds 
1 voted. 


Bonds 

disposed 

of. 


15.600 






1.280 






26,000 


$100,000 




50,000 
50,000 




175,000 
442.000 
200,000 
500,000 
500,000 




13. 422 
4,000 


$:U4, 500 


40,000 




7,200 


500,000 



3, 500 I 



35.700 Santa Fe j Los Angeles 



18,000 
10,000 



350,000 



Happy Valh'y '< Shasta — 

Huron * i Fresno — 

Jamacha San Diego. 



Kern and Tularo 
Kraft 



Linda Vista 

Little Rock Creek 

Los Angeles 

Madera 

Manzana 

Modesto 



Kern and Tulare. . . 
Tehama and Glenn. 



24.320 
22,000 
84,335 
13. 500 



700. 000 

700. 0(K) 

80.000 



San Diego . . . 
Los Angeles 

do 

Fresno 

Los Angeles 
Stanislaus .. 



42.000 |1. 000,000 
2,000 I 



165,000 



160,000 



Santa Gertrudes do 

Selma ] Fresno and Tulare. 

Spring Valley San Diego 

Sunset Fresno and Tularo. 

Tipton Tulare 



330, 000 

2.400 

80..'>64 



85t). 000 
800. o66 



370,000 



Tulare ' do 

Tule River ' do 

Turlock Stanislaus and Merced . . 

Vineland I Los Angeles 

White River Tulare 



2.600 I 

271,000 ' 

22.000 I 

308.000 2,000.000 

17,040 , 50,000 

40, 520 500, 000 

20. 000 90, 000 

176,210 1,200.000 

4, 000 62, 000 



350,000 



320,000 

469,000 

436,066 
54,000 



* This table has been reviseil acconling to reports from irrigation districts published in '* The Orange Belt". Jannary, 1893. page 81. 
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In the five years followiupr thepassagre of the District act it appears from the statements of district officials that 
only 2 districts have actually constructed and completed works for irrigation, and these 2 have been among those 
voting and selling the smallest amount of bonds. These are Bro\^n Valley district, in Yuba county, and Vineland 
district, in Los Angeles county. The other districts which in this time have obtained water for irrigation, 
although not completing the works, are Ak*ssandro, Alta, Citrus Belt, Perns, Rialto, and Tulare. Some of these, 
notably Alta district, have, however, purchased canals and means of supply already constructed, (a) 

Several proposed districts have given up their organization or the acts of the directors have been declared 
illegal by court decision; in others projects have been attempted apparently too great for successful comi)letion; 
but as a rule the districts have been as well managed as other corporations conducted by untried officials. Among 
the cliarges brought against district directors has been that of evading the spirit of that section of the law preventing 
the disposal of bonds at less than 90 i)er cent of their face value. It is asserted that in certain districts theevasion has 
been accomplished by trading bonds for water rights or work to which fictitious value has been given, two or three 
times the actual value of a canal or water right being paid in this manner. Such matters, however, are mostly of 
local concern and can be guarded against by the public interest and resulting criticism. 

MAP SHOWING TIIK RELATIVE LOCATION OF IRRIGATION DISTRICTS OF CALIFORNIA. 




\ 



\ 



\ 



\ 



AlWW 



\ 

/ 

\ 



( 



V 



The relative location of the principal irrigation districts is shown on the map, the size and shape of each district 



a Mr. L. M. Holt, secretary of the conveDtiou of irrigation districts beld in Sacramento January G, 1893, staterl publicly that out of 38 irrigation districts then 
in existence 19 reported having voted Inrnds to the extent of $11,834,000. Out of thiH, bonds amounting to $2,622,000 had been sold for ciish and $2,995,200 had been 
traded for vrater rights, making in all $5,017,200 of bonds disposed of, a little less than on<*-half the amount voted by the 19 distiicts. Thirteen other districts had 
vote<l bonds amounting to $4,942,000, none of these being sohl. These 32 districts which had voted bonds containe<l 1,830,709 acres, and the bonds average<l $9.16 per 
ai^re. The 38 districts then in existence contained 2.149.069 acres. Out of this number 28 districts, containing 1,515,594 acres, had an assessed valuation of $39,982,849, 
the assessed valuation being thus $26.38 per a<Te. 
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being indicated by the cross hatched areas. Opposite each of these is a number which refers to the following list, 
giving the name of the district, the county in which it is located, and the area in acres: 



IRRIGATION DISTRICTS. 



Counties. 



1. Kraft 

2. Orland South Side 

3. Colusa 

4. Central 

6. Brown Valley — 



0. Modesto 

7. Turlock 

8. Madera. 
0. Sunset.., 

10. Selma... 
U. Alta.... 



12. 
13. 
14. 
15. 
16. 



Tulare 

Tipton 

Kern and Tulare 

Poso 

Big Rook Creek . 



17. Grapeliuid 



Tehama and Glenu(a) . 

Glenn 

Glenn and Colusa 

do 

Yuba 

Stanislaus 

Stanislaus and Merced 

Fresno 

Fresno and Tulare 

do 

do 



Tulare 

do 

Kern and Tulare 

Kern 

Los Angeles 

San Bernardino. . 



Area in 
acres. 



13,500 

26,000 

100,000 

156,550 

44,000 

80,564 
176,210 
»30,000 
308,000 
271. 000 
129,927 

40,520 
17,040 
84,335 
40.000 
30, 000 
10, 787 



IRRIGATION DISTRICTS. 



18. 
19. 



Pomona Orange Belt. 
Vinelaiid 

20. Santa Gertrudes 

21. Anaheim 



Counties. 



.ireain 
acres. 



Los Angeles. 

do* 

do 

Orange 



22. Citrus Belt San BBmardino 



23. Rialto 

24. East Riverside 

25. Alessandro 

26. Perris 

27. San Jacinto and Pleasant Valley 

28. Elsinore 



29. 
30. 
31. 
32. 



do... 

do... 

do... 

San DImto 

do... 

do... 



Fallbrook « do 



San Marcos. 
Escondido . . 
Linda Vista 

33. Jamacha 

34. Otay 



do 
do 
do 
.do 
do 



4,000 

4.000 

2,600 

32,500 

12, 000 

7,200 
8,600 
25,500 
13,422 
18,000 
11,300 

12,000 
10,000 
12, 814 
42,000 
22,000 
60,000 



a Glenn county created sine4> 1890, taken from the northern part of Colusa county. 

FRUIT CULTURE. 

The wonderful success attained by the cultivation of fruit trees and vines by means of irrigation upon lands 
otherwise valuele.^ and the great results from the reclamation of such lands, increasing them in value a 
hundred fold or more, have drawn public attention to irrigation more forcibly than any other results. It must not 
be supposed that horticulture in California by any means depends upon irrigation, for in many of the counties 
widely known for the i)roduction of excellent fruit the artiticiAl application of water is almost unknown, but on the 
other hand there are counties now wealthy and prosperous in which the destruction of the canal systems and other 
means of distributing water would bring about ruin and desolation. It is from a consideration of these localities 
that the general impression is sometimes given that the fruit producing districts of the state, outside of the orchards 
and >aneyards, are arid and forbidding. 

Local details are given under the county descriptions ou the following pages. As regards acreage of trees 
or vines, raisins lead, followed at a considerable distance by the acreage of orange trees, peaches, and prunes. 
Experiment and intelligent observation in each county, aided by discussions at horticultural conventions, are 
rapidly bringing to light the varieties best suited for the different climates and soils and the best methods of 
cultivation and protection from insect and other pests. To the majority of orchardists the subject of irrigation, 
although as fundamental as that of supplying water to their families, is a matter of little concern in comparison 
with that of protecting their trees and vines from blight and disease, but it is generally recognized that the 
extension of area of productive lands will come largely through this means. 



CONDITION OF IRRIGATION IN EACH COUNTY. 

In the table on the following page, which contains the name of each county in the state, are given the facts 
concerning the number of irrigators, the area irrigated, and the average size of irrigated farms in the census year. 
Among these 53 counties there are included 10 in which no irrigated farms were reported. These are Alameda, Contra 
Costa, Del Norte, Marin, Xapa, San Luis Obispo, San Mateo, Solano, Sonoma, and Sutter, counties located mainly 
along the coast or adjoining the bay of San Francisco. As previously stated, irrigation has not been practiced 
to any notable extent in these 10 counties, because fruits and vegetables, as well as field crops, are grown 
successfully without the artificial application of water. There may be a few exceptional cases where small orchards 
and vineyards are occasionally watered by means of machinery, driven by windmills or other devices, but these 
can hardly be classed as irrigation. • 
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NtJMBEB OF IRKIGAT0E8, AREA IRRIGATED, FARMS, AND CROPS, IN EACH COUNTY IN CALIFORNIA IN 1889. 
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Tuohtmns. 



«a.821.£00 21,(ZT.^-03 
450, MO :. log, R4« 



02,89 

67.78. 


o'oe i' 


«.IS 


1.82 , 


3X44 I 

2.04 


i.st 


0S,B8 
1.2fl' 


8.06 
4.70 


M.91, 


1.83 ' 



2.3et, ISO ': 

1.452,800 I 

2,6I«,TW 1, 
2.1W,7«0 I 



«ll,040 

3. 578! 880 ' 

1.310,720 ' 
1,070,480 ,' 

4H!Ma 



3,812,751 ; 3tS,01ft 



228, M3 
431, BIO 
707,053 



028.077 
08.128 



20.10 
SB. 28 


402! 933 


4111 


2! 00 


7:09 


4.S7 
15. IS 


00.40 


10,007 
4.211 

1 0^757 


»2« 


:-i 


07:75 
21.70 

2J:03 


89:68 
10.13 

28: 81 


51*8 


143,000 
1,708 
3.309 
11,089 


10,131 


"' 


9.23 


21.70 


25.55 


3.015 
1,043 

8,134 


"'2.'22' 


3:68 


ftoo 


4s:8a 


7,027 

229 

J95,S29 

■23,088 

259 


1,0M 
080 


2.H 


54:73 
0,0» 


45.07 


23.05 


0.02 


3.38 


5.73 


i!; 


4B;2*8 


3 380 
13,501 


o!u 


2 88 


21.18 

2»:3; 

6.22 
1.00 


2* Ul 


47; 1 3* 
300. MT 
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88.21 
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4.71 


4:7u 

18.14 


11.87 


42^32 


0«:223 


4,401 

5! 245 


0.02 


J: 43 

1.28 


4.52 

7.00 
11.39 
0.63 



.iVlameda county includes a largo part of tbe area ininieiliiitp!)- west of the bay of San Francisco, t^iitainiiig 
within its liinitH the city of Oakliiiul. it is not^dfor tlie large f|ii!inlitii-s of fniit prodm-wl, maayof its wheat fields 
baviii}; been cut up and planted in orchards and viiJeyards. Besides the arable areas alimp the shore, there are a 
number of inland valleys in whioh agric^ultnre nnd fruit iiiising are Citrried on. Inigaliim is not piailiicd tn any 
<!oiisidi'r;ibh' extent, and the few gardens or nurseries ti) which water is occasionally iii)plietl were not considered 
of suflicient area to justify enumoration. One irripiting ditch known as the Washington and Murray was 
constructed about 1S7."), taking water from the we.st side of Alameda creek and conducting it for .'5 or -1 miles. 
The control of this <liteh has lieeii accjuired by the Spring Valley Water Company of Sau Francisco. Some of the 
fiiriners under the ditch state that iiiigation was of doubtful benefit, at least for the crops they were raising. 

.\Li'iNB COUNTY in<-lud<>s a jiortion of the mountain area south of Lake Tahoe and ailjoining ]>oug)as county, 
Nevada. Owing to the altitude and lack of coinniuiiieation the principal industry is sto<;k raising. In some of the 
valleys dairy pro<\ucts assume imiwrtaucc, these being shippe«l by way of Carson, Nev. There are a number 
of small ditches taking wnter from the upper Iriliutaries of the Carson river and <'arrying it to the meadow lands 
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of Hope, Faith, and Charity, Diamond, Hermit, and Pleasant valleys. There are numerous localities iu this county 
where water could be held for use on the fertile lands of Nevada, and probably a number of these would be 
utilized for storage purposes were it not that the catchment basin of the Carson river lies in two states diifering iu 
laws and customs. 

Amador county occupies a narrow belt of country west of Alpine county, extending from the summits of the 
Sierra Nevadas westward to the Sacramento valley, between the Mokelumne and the south fork of the Cosumnes. 
The eastern part of the county is exceedingly rugged, while the western portion contains a number of valleys iu 
which agriculture is carried on. The principal industry is mining, and nearly all of the ditches have been built 
for use in connection with mines and mills, although some of the water is now employed for irrigation. The cereals 
are seldom watered, the farmers stating that crops are successful by dependence upon the rainfall, and that the 
extra labor and expense of applying water would hardly be justified by the probable increased retulns. Iu fact, 
irrigation can not be considered as essential in this county, although tliere are localities where it is employed to 
profit, as shown by one statement that land planted in grain not irrigated would yield from $10 to $12 per acre, 
but when irrigated and covered with alfalfa would yield $30 per acre, or in fruits from $r>0 to $100 per acre. 

The principal fruits raised are peaches, apricots, apples, prunes, and pears, mainly iu Lone and Jackson valleys 
and adjacent localities. The orchards are cultivated largely without irrigation, although water is used where it 
can be obtained at reasonable cost. Water is usually sold by the miner's inch per day, the charge varying from 5 
cents up to 25 cents per day. In the first instance it was considered that the irrigation season lasted for 130 days, 
so that the charge per miner's inch for the season was $0.50. In the other instance water was only used 4 days 
during the year. In all of these estimates of quantity the miner's inch is so variable that the quantity actually 
delivered may in one case be two or three times that in another. 

Butte county is in the northern part of the Sacramento valley, being on the east of the river of that name 
and extending easterly up the slopes of the Sierras. The western part of the county includes a large portion of the 
broad valley land between the Feather and Sacramento rivers, this area being utilized largely for the production of 
cereals and other field crops. Near and among the foothills the soil and climate have been found to be exceptionally 
favorable for fruit culture, and much of the rolling land to w hich water can be conducted is being set out to orchards 
aud vineyards. The principal locality in which irrigation is conducted is in the vicinity of Oroville, where a number 
of colonies depending almost entirely on fruit culture have been started. The water supply of the county as a whole 
is large, although during summer most of the smaller streams become dry. From about 1855 to 1860 and during 
later years large and expensive systems of ditches and flumes were constructed for the purpose of bringing water, 
mainly from the upper tributaries of Feather river, to the gravel or placer mines among the foothills. With the 
decline of hydraulic mining these ditches would have become almost useless were it not for the growth of the fruit 
^industry. 

Irrigation is not required for wheat and other of the cereals, excepting perhaps Indian com, but in most 
localities it is indispensable for orchards, vineyards, and alfalfa. Some of the orchardists claim that fruit not grown 
by irrigation, but produced in localities where the soil is deep, somewhat moist and well cultivated, is better in that 
it shrinks less in drying and can be transported with less loss. Land among the foothills without water is worth 
from $10 or under up to $30 per acre, but with water is valued at $100 per acre and upward. Attempts have been 
made to obtahi flowing wells, but with little success. At Oroville a well was drilled to the depth of 800 feet at a 
cost of $2,000 or ovei*. It flows at the rate of only 4 gallons a minute. The water contains a perceptible amount 
of mineral matter commonly known as soda, and there is also a small quantity of gas issuing from the well. The 
owner states that if the well were proi>erly cased the supply would probably be increased. About 4 miles north of 
Chico a well has been drilled to the depth of 686 feet without obtaining artesian water. 

The Thermalito canal has resulted from the utilization of four ditches formerly used for mining purposes, and 
known as the West, or Powers, Flea Valley, Miocene, and Mineral Slide, or Snow, ditches. It obtains water from 
the west branch of the north fork of Feather river, carrying it out on the west side to the vicinity of Oroville. 
The principal head dam is about 25 miles north of Oroville, this being designed for permanent use. The total 
length of the main ditch i$ 33Tmles, the average width from 5 to 8 feet, and the original cost was over $500,000. 
The earliest of the ditches was begun in 1852. There are on the line of the canal 800 feet ot* tunnel, 4 miles of 
wooden flumes, and 3 miles of 22-inch iron pipe. Water is sold usually under annual contracts at $2.50 per acre 
for orchards and $5 i)er acre for alfalfa and vegetables. It is computed that the water duty is at the rate of 1 
miner's inch for 5 acres of orchard or 2.5 acres of alfalfa. 

The canal of the Palermxi^Laml and Water Company takes water from the south branch of Feather river, the 
head being about 1.5 miles above the town of Euteft)rise. The canal is located on the south side of Feather river, 
and continues in a southwesterly direction for 22 miles from the head to Oroville, then turning southerly toward 
Palermo. The total length of the main ditch is about 25 niiles, the average width 9 feet, and the total cost was 
$200,000. Along the line of the canal are nearly 4 niiles of flumes, 72 inches wide aud 24 inches high. There are 
five branch ditches, with a capacity, respectively, of 12, 8, 4, 5, and 6 second- feet. Water is measured under a 6-inch 
pressure, and sold at the rate of 10 cents per miner's inch for 24 hours, or $5 per second-foot for the same time. 
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The ditch owned by the Bout^ Featb^r-Watef-^aii d Union Mining _Companj;^ke8 water from Lost creek, a 
branch of the south fork of Feather river, the head being about 2 miles west of the town of Strawberry Valley. 
The ditch is built on the south side of the river, the water flowing in a general westerly direction. The total 
length of the main ditch is' 25 miles and the average width 8 feet. From the head down to Forbestown, a distance 
of 18 miles, the ditch, 10 feet wide on top and 6 feet wide on bottom, is built along the steep mountain side through 
a very rough country. There are nearly 3 miles of flumes and 2 tunnels. Water, as in the case of many of the 
other companies, is sold at tlie rate of 10 cents per miner's inch per 24 hours, and is used mainly for fruit and 
vegetables, ^his ditch system _was originally built forjnining, but since the exhaustion of the shallow deposits 
among the foothills and the suppression of the large hydraulic mines the water has gradually been utilized for 
irrigation. The irrigating season extends usually from about the middle of May to the middle of September. 

The Cherokee ditch, belonging to the Spring Valley Gold Company, takes water from Butte creek near the 
northern edge of the county. The total length of the ditch is about(l0 mile^^ the average width 5.5 feet on bottom 
and 8 feet on top, and the cost was about $200,000. In the course of the d^itch there are about 2 miles of flume and 
2.5 mile^ of 36 inch iron pipe, the latter carrying water across the west branch of Feather river under a nearly 
vertical pressure of about 1,000 feet. This ditch has been used exclusively for hydraulic mining, but this being 
stopped by the operations of law it is proposed to utilize the water for irrigation. 

Calaveras county is south of Amador, and, like it, extends from the summits of the Sierra Nevadas down 
the slopes to the San Joaquin valley. Mining has always been the principal industry, and upon this agriculture 
has been dependent largely for its markets. Nearly all the farmers are interested to a greater or less extent in 
stock raising, and many of the cereals are produced for hay. Irrigation, although not essential, is practiced to a 
notable extent, mainly for fruit trees. The miners have constructed elaborate systems of ditches, and from these 
water can be obtained in many localities at rates of from 10 to 15 cents per miner's inch for 24 hours. In one case 
at least it is stated that during the season 8 miner's inches flowing for 24 hours furnished sufficient water for each 
acre, the water, of course, being api^lied at different times. At 15 cents per miner's inch this would make the 
annual charge only $1.20 per acre. The water supply is large, as can be seen by examining the tables of discharge 
of the Calaveras and other rivers, as given in descriptions of San Joaquin county. 

Colusa county (a) includes a large part of the valley west of the Sacramento river. It thus consists mainly 
of a broad plain sloping gently toward the south. Besides the general fall along the valley there is also a gentle 
slope from the foothills toward the river, and also, as is sometimes found in great valleys, a slight rise to the river 
banks, so that the lowest ground is parallel to the stream and at a distance of some miles from it. In other words, 
this river has built up for itself a broad, low ridge, upon the top of which is the main channel. This feature 
renders the diversion of water for irrigation comparatively easy, since, aided by the general fall toward the south, 
canals can be made to conduct the water far away from the river across the plains to points near the foot of the 
bounding hills. 

The county as a whole has the reputation of being one of the greatest wheat producing areas of the world, 
the level surface and uniform richness of soil rendering possible farming operations by machinery and on an 
enormous scale. With the low price of wheat even this wholesale farming can hardly be said to be profitable 
at all times, and steps have been taken, as in the San Joaquin valley, to introduce irrigation in order to insure the 
profitable cultivation of fruit. For the ordinary field crops the artificial application of water is not essential, 
although often desirable, and some of the lands of the county in fact need drainage rather than irrigation. Where 
practiced, the application of water is generally by flooding, the water flowing from on^ check or levee to the next 
and covering the intervening ground. 

The principal source of water supply of these counties is the Sacramento, the waters of which, owing to the 
peculiar topography, can be brought out to the base of the foothills, covering the entire plain. The small streams 
coming in from the west, although intermittent in character, also furnish some water, which, especially by storage, 
could be used in irrigation. Stony creek, which flow^s easterly near the north line of the county, has a relatively 
large catchment area and supplies a number of ditches among the foothills and also above Orland. The quantity 
of water in the Sacramento river at Sacramento, 30 miles below the southern line of the county, has been 
ascertained by the state engineering department of California, the results being published in the volume of 
physical data and statistics. From these figures estimates have been prepared of the probable quantity at the 
head of the main canal of the Central irrigation district, which is at the south line of Tehama county. The results 
obtained are given in the table on the following page. 



i^ 



a In 1891 this county was divide;*!, the northern part hcin*; not ott' nnd j^ivon the nuine of Glenn. In this discussion tht^ two couuticM ar<^ included, since the 
census statistics apply to the condition of tbiuifs before the division. 
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DISCHARGE IN SECOND-FEET OF THE SACRAMENTO RIVER AT SACRAMENTO, CALIFORNIA, (o) 

(For each month from 1870 U* 1885, and at proposed head of Central District canal for each month when the flow was approximately lesa than 6,040 second feet 

daring the same period ] 



1879 



MONTHS. 



I At head 
At >Sacra' of Cen* 
raento. | tral 
canal. 



January 12,000 

February 30,000 

March 110,000 

April 110,000 

May 75,000 

Jane 45,000 

July 16.000 

Augnst 8,500 

September 6,500 

October 8.000 

November i 7, 500 

December ', 27,000 



6,040 




I At head 
At Sacr^-I of Cen 
mento. tral 
canal. 



4.960 
3,960 
4,740 
4,500 



28,000 

21,000 

22,000 

95.000 

135.000 

110,000 

53,000 

18,000 

9.000 

7.500 

7,000 

20.000 



1881 



1882 



1888 



1884 



1886 



5,160 
4,500 
4,2C0 



At Sacra- 
mento. 



95,000 

115.000 

77,000 

90.000 

70,000 

25.000 

14,000 

8,000 

6,500 

7,000 

8,200 

16.000 



At head 
of Cen- 
tral 
r^nal. 



At ."^acra 
mento. 



At head 
of Cen- 
tral 
oanaL 



At Sacra 
mento. 



12,000 



At head ! ' 

of Cen- "At Sacra-; 
tral i| mento. 
canal. 



24,000 !..... 

22,000 I I' 17,000 

55.000 i 21.000 

90,000 I i 73,000 

92.000 1 80,000 



6,040 



4,740 
3.960 
4.240 
4,780 



74.000 
17.000 
8.000^ 
6. TiOO 
10.000 
14.000 
11,000 



4.740 
.3.960 
5.. 500 



5.790 



32.000 
12.000 
7,000 
6.500 
7 000 
7.500 
7,400 



6,040 
4,240 
3.960 
4.240 
4,500 
4.475 



12,000 

24,000 

80,000 

105,000 

111,000 

90,000 

31,000 

12,000 

7.500 

8.000 

7,000 

81,000 



At head 
of Cen- 
tral 
canal. 



6,040 



At Sacia- 
mento. 



At head 
of Cen- 
tral 
canal. 



6,040 
4,500 
4.740 
4,240 



90.000 

52,000 

30.000 

29,000 

23,000 

14,000 

6,500 

5,500 

5,200 

5,200 



3,060 
3,340 
3,070 
3.070 



a Daring the months for which approximate figures are not given for the point ' At head of Central canal " the discharge of the river there was manifestly bo 
far in excess of the canal's utmost capacity that it were idle to make any comparv»onT and so reductions from the Sacramento station records were not attempted. 
(From report on the Central Irrigation district, California; its physical, engineering, and business problems and conditions. William Ham. Hall. San Francisco.) 

y\ The principal irrigation works in this county are tboseof the Central irrigation district, mentioned below. In 

addition to this Jarge^canal, which is not yet in practical operation, there are a number of ditches taking water 
from Stony creek r.nd other streams, and also what are known as high water or overflow* canals leading from the 
Sacramento to the lower grounds back from the river banks. These higli water ditches, as their name implie8, 
receive water only in times of flood. As an example of each of these classes of irrigation works the following 
descriptions may suftice. The Carver ditch takes water from the west side of Big Stony creek to irrigate lands 
south of the town of Elk Creek. Tlie length is 1.3 miles, width 8 feet, and the cost was about $2,000. During 
the census year only about 20 acres were irrigated, 3 of these being in orchards, 8 in corn, and 9 in alfalfa. 

The Cheney Slough Water and Irrigation ditch takes water from the west side of the Sacramento river, about 6 
miles north of Colusa. The total length is about 10 miles, the width 40 feet, niid the cost was approximately $10,000. 
The head gate consists of an iron pipe 4.5 feet in diameter and 60 feet in length, laid in masonry and placed 6 feet 
below the top of the river bank. For the canal itself an old slough was utilized, jifter having been scraped out and 
otherwise improved. There are about 20 distributaries of fi*om C.2 to 1 mile in length and from 4 to G feet in width. 
The works are owned by an association of land owners. Irrigation can be practiced only when the river is very high, 
as it is at times in the winter season, and thus it is rarely possible for the land to receive more than one thorough' 
flooding during the year. At that time the ground is covered to the depth of from 1 foot to 1.5 feet. The principal 
crops raised are wheat, barley, and alfalfa. Along the river there are a number of similar devices for flooding the 
lowlands during the time of high water, and in addition to these are several pumping plants for the purpose of 
irrigating orchards and gardens during the long dry season. One instance is given of a 7-inch centrifugal pump 
run by a 40-horse power engine pumping from an 18-inch well 34 feet in depth. The delivery is estimated to be 
120,000 gallons per hour, and with this quantity 10 acres are irrigated in 12 hours, the water being applied by 
means of furrows 10 inches wide, G inches deej), and 4 feet apart. 

A number of irrigation districts have been formed in this county, mainly in the northern part. The most 
northerly of these is the Kraft irrigation district, lying on the north side of Stony creek. South of this is the 
Orland South Side Irrigation district, water for which is diverted from the south side of Stony creek, canals being 
projected to cover land west and south of Orland. Still farther south is the Central irrigation district, one of the 
largest in the state. East of this, and between it and the Sacramento river, is the Colusa district, a narrow body 
of land from 3 to 5 miles in width. 

The Central irrigation district shown on the preceding maj) embraces 150,550 acres, or nearly 245 square miles. • 

Of this amount over 140,000 acres have been cultivated for cereals. In general shape, the district is long and 

narrow, being 38 miles from north to south, and in general from to 9 miles in width. Water for irrigation is to 

be obtained from the Sacramento, the diverting canal heading at the Tehama county line and continuing southerly 

/ and southwesterly to Willows, and thence southerly along the edge of the foothills. The capacity of the main 

(/ canal as projected is about 750 second-feet. As planned, this main canal will be nearly ra miles in length and GO 

--- feet in bottom width near the head, narrowing to 50 and then to 25 feet. There will be upward of 200 miles of 

distributary canals and ditches, of from 8 to 20 fe(*t bottom width. In order to build this system bonds to the 

amount of $750,0(K) have been voted, (ireat difllculty has been experienced in stalling these bonds, and as a 

consequence construction has not been pushed forward as rapidly as it i.therwise would have been. 
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The district was formed in the fall of 1887, and from its incei)tion has been bitterly fonght by many of the land 
owners within its area. Many statements have been received from farmers to the eifect that irrigation is not 
needed and that they are in danger of ruin from the results of the excessive taxation incident upon the district 
organization and work. In carrying out its plans also the district has encountered many unforeseen obstacles in 
obtaining rights of way, the condemnation proceedings being slow and expensive. It has been estimated by 
persons familiar with the conditions that the oi)po8ition alone has resulted in an unforeseen expenditure of at least 
$200,000. 

The Kj^ft irrigation district as organized includes 13,500 acres, on w hich bonds to the amount of $80,0Ck) 
were voted. So far as has been ascertained none of these have as yet been sold. The district extends along 
the north side of Stony creek, being thus partly in Tehama county. It averages 2 miles in width and is 
approximately 10 miles long. Water is to be obtained from Stony creek, which, however, is dry in its lower parts 
at least by June of each year. The Orland South Side Irrigation district comprises 20,000 acres. Bonds were 
voted, but by decision of court were declared void on account of irregularities. Persistent attempts have been made 
by many of the farmers in the district to put an end to the whole matter, and as a result, little, if anything, has 
been accomplished. The Colusa district, lying along the west side of the Sacramento, includes 100,000 acres, on 
which bonds to the amount of $600,000 were voted, but none were sold. No work has been done, and apparently 
all plans of irrigation have been abandoned. 

Contra Costa county lies directly north of Alameda county, l)eing between it and Suisun and San Pablo 
bays. On the east the county includes a large i^art of the tule or swamp lands at the mouth of the San Joaquin 
river, some of which have been reclaimed, forming farms of great value. Irrigation is not practiced, there being 
ample rainfall even among the valleys at the foot of Mount Diablo. As in the other bay counties, fruit culture is 
of great importance, large areas being planted in vines as well as in tiees. The principal fruits are apricots, 
cherries, ])eaches. prunes, pears, and the so-called small fruits. Owing to it« proximity to the city of San 
Francisco considerable areas on the lowlands are devoted to market gardening, but for this no irrigation is 
required as the soils are naturally moist. 

Del NoBTE county is in the extreme northwestern corner of the state, extending from the Oregon line 
southerly along the coast to Klamath river and in(*luding nearly the entire catchment basin of Smith river, which 
drains a portion of the coast range. The greater part of the area is mountainous and heavily timbered, the valleys 
being narrow and containing little agricultural land. The rainfall is heavy and there is no need of irrigation, 
except i)erhaps for fruit trees during the summer drought. There is an area of farming lands near the coast in the 
vicinity of Crescent city, but here it may be said that drainage is more important than irrigation. Also in Smith 
River valley are a few farms, a« well as in small valleys similar to the one at Gasquet. Here the only crops are 
hay and vegetables, together with a few acres of grapevines and fruit trees. 

Eldorado county, lying north of Amador, extends from Lake Tahoe and the Nevada state line westerly 
down the slopes of the Sierra Nevadas to the plains in the vicinity of Sacramento, the state capital. It includes 
a large portion of the catchment basin of the American river and of the Cosumnes, the next important river on 
the south. Mining has been the principal industry, this portion 'of the state having become famous for the rich 
discoveries and heavy output of gold. Following the miners came the cattlemen, who found excellent grazing on 
the wild grasses covering the valleys and hill slopes. General agriculture has also been practiced to a considerable 
extent, and irrigation, although not strictly essential, has come to be of considerable importance. Some of the 
dit'Ch systems built by the large mining companies rival in extent those of counties farther to the south. The morei . 
important of these are the works of the California Water and Mining Company, whose ditches cover Georgetown/ 
divide; the Eldorado Water and Deep Gravel Mining Company, and the Park Canal and Mining CompanyA-^ ^^ 
covering portions of the county southerly from Georgetown. The amount charged for the use of water from these / ^^^ ^i 
mining ditches varies considerably, but compared with the rest of the state seems high. The rates given are in i /*^^i!-— 
different instances 12.5 cents per miner's inch for 12 hours, or from 20 cents up to 35 cents ])er miner's inch for 24 
hours. There is general complaint that these prices are too high, and that if water could be obtained at lower 
rates it would be more generally used. By thorough cultivation excellent fruits, such as peaches, prunes, and 
cherries, are raised without irrigation, although it is probable that in many instances a larger yield could be 
obtained by proper apjdication of water. Grain and the fornge cioi)s are seldom if ever watered, on account of 
the expense involved. 

Fresno county is situated midway of the length of San Joaquin valley, and includes within its boundaries 
a greater portion of this valley than any of the neighboring counties. It extends from the summits of the SieiTa 
Nevadas southwesterly down the sloi)e of the range to and across the lowlands up to the hills on the west, and 
thus on the east embraces the catx^lnnent area of the head waters of the San «Joaquin and Kings rivers. The broad 
valley lands of the southwestern half of the county have been found to have a soil and climate particularly 
adai)ted to the raisin grape and to the so-called deciduous fruits, rendering the production of these the chief 
industry of this great region. 
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The rivers on leaving the foothills spread out over the broad valley and, as is the ease with most rivers in 
this part of the state, lose their waters in innumerable sloughs or in the pervious beds. The San Joaquin river, 
in the center of the county, may bo considered as a notable ex(;eption, for this, by its strong perennial discharge, 
has cut for itself a more decided channel, in which it continues thronghout its course in the county. The smaller 
streams, draining relatively a few square miles of mountain area, generally disappear altogether on reaching the 
lower ground, their waters passing by seepage down along the valley and giving rise to conditions favorable for 
artesian wells. There is one i>eculiarity of the soil of the San Joaquin valley, which is perhaps as well marked in 
the vicinity of Fresno as at any other point, and that is the power of receiving and transmitting water laterally 
for long distances. After a large area has been thoroughly saturated it is not necessary to api)ly water again to 
the surface, but the orchards and vineyards receive a sufficient amount of moi'ijtuie through the percolation from 
canals at some distance away. The mechanical struc'ture favorable for this transmission of water is not possessed 
by all the soils, but is peculiar to most of the good raisin land. The fact that the land does not require direct 
irrigation does not relieve the owner from the necessity of paying his annual dues of $1 or more per acre, for 
although he does not draw the water, the canals in the vicinity must be maintained and kept full. 

In this county, as a rule, the cereals are not irrigated, and between the San Joacpiin and Kings rivers there 
are probably 75,000 acres of land not needing irrigation. For the best development of the truits, however, 
artificial application of water is essential. Some of the land otherwise good is worthless from the presence of an 
excess of alkali, and other lands are doubtless being injured by the accumulation of earthy salts, due to lack of 
suitable drainage. In*igation must be accompanied by drainage in order to accomplish the best results. The 
development of the county has been greatly retarded by litigation over questions of riparian rights, land owners 
along the lower course of Kings river having secured injunctions against the largest irrigating canals. During 
the census year water was run in these canals in spite of the injunctions, public sentiment being so strong in 
condemnation of the decisions that the injunctions could not be enforced. The returns from land irrigated and 
set to raisin grapes are stated to be from $50 to $250 per acre, while those from land unirrigated and devoted to 
grain may be $5 an acre or less. The colony lots of from 10 to 20 acres, when covered with bearing vines, are considered 
to be amply sufficient for the support of a family. The great returns in the grape and fruit business and the large 
amount of labor involved have led to the cutting up of large ranches and the formation of colonies. 

The water supply is derived mainly from Kings river, on the southern border of the county, and from the San 
Joaquin, which flows about through the center. Besides these are a number of smaller rivers or creeks, the most 
important being Fresno river and Chowchilla creek, both north of San Joaquin river. Chowchilla creek, which 
forms a jwrtion of the northern boundary of the county, was measured by the state engineering department at a 
point near Buchanan, where a record of the height of water was kept at intervals. This stream is characterized 
by short, sudden freshets, making it exceedingly difficult to estimate the discharge. The monthly averages, as 
computed, are given in a short table in the description of Merced county. 

Fresno creek, or river as it is sometimes called, was measured at the head of the Fresno Biver Canal and 
Irrigation Company's canal, about 3 miles above the railroad crossing near Minturn. The mean monthly discharge 
is shown in the following table : 

DISCHARGE IN SECOND-FEET OF FRESNO CREEK AT BASE OF FOOTHILLS, CALIFORNIA. 

(Drainage area, 272 square miles.) 



TBARS. 



1879. 
1880. 
1881. 
1882. 
1883. 
1884. 



January. 


Febru- 
arj-. 


March. 


April. 
156 


May. 
79 


June. 
15 


July. 


August. 


27 


80 


118 








5 


150 


16 


1,088 


54 


27 








544 
54 


544 
163 


272 
1.088 


109 
272 


54 
54 















82 


54 


272 


136 


109 











27 


1.360 


1,632 


1,088 


816 


81G 


272 


27 



Septem- 
ber. 


October. 


Novem- 
ber. 


Decem- 
ber. 


Mean. 











109 


49 











218 


130 











27 


129 





27 


54 


27 


138 














54 





















The San Joa^nin river where it enters the valley from the mountain region on the northeast is among the 
largest of the streams crossing the broad plains. Observations were made at a number oi points, mainly at 
Hamptonville, at the edge of the valley, and at the railroad crossing near Ilerndon, formerly Sycamore. At that 
time little or no water was diverted at points above the railroad. The mean discharges as computed by the sUite 
engineer are given in the table on the following page. 
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DISCHARGE IN SECOND-FEET OF SAN JOAQUIN RIVER AT HAMPTONVILLE; CALIFORNIA. 

(Draiuuge urea, 1,637 sqaan^ tuiies.) 



YEABS. 

1879 

1880 

1881 

1882 

1883 

1884 



January. 



600 
825 
3,856 
303 
320 
410 



Febru- 
ary. 

1. 276 

942 
6.340 

330 

320 
2.460 i 



March. April. 



1,953 
1,22!) 
2. 855 
1,522 
1,1.50 
4, 090 



3,849 
4,846 
8,008 
3, 400 
2, 130 

:;. 270 



May. 

5, 302 
13,170 
9.095 
8,850 
7, 370 
8. 190 



June. 

6,379 

18, 120 
5,948 
7. 807 
G, 220 

16, 4(>0 



July. 

2, 303 
8,010 
3, 064 
2,918 
1.470 
13, 100 



August. ^,PV^"" October. 



786 

1.730 

1.260 

591 

490 

.3, 270 



381 
734 
584 
240 
410 
980 



373 
422 
463 
.564 
330 
820 



Novem- 
ber. 



411 
380 
461 
490 
250 



TK'ceni ■ 

her. 



1,140 

2.001 

632 

320 

250 



Mean. 

2.064 
4,367 
3,547 
2,292 
1.726 



Kin^R river is one of the most iuiportant streams of tins part of tlie state, since it receives a large and 
constant supply of water from its elevated catchment area. The gaugings made by the state engineer were at 
localities between Slate point, where the river leaves the mountains, and Tulare lake. The record of the height 
of the stream was kept at the railroad bridge near Kingsburg, and from these observations the discharge was 
computed, due allowance being made for the amount of water diverted by canals heading higher up stream. The 
results are shown in part in the following table. 

DISCHARGE IN SECOND-FEET OF KINGS RIVER AT SLATE POINT, CALIFORNIA. 

(Drainage area, 1,742 square miles.) 



TKAKH. 



Febru 
January. ^ March. April. May. June. 



1879 370 

1880 720 

1881 870 

1882 ' 380 

1883 320 

1884 430 



870 

1,040 

2, 430 

440 

340 

2,620 



1,970 
1.120 
1.900 
1.250 
1,050 
3,610 



4, 7.50 
5,230 
5,800 
3,170 
2,220 
3,370 



5,090 
7,120 
8. 220 
9,190 
6,700 
9,210 



3.760 
9,540 
5,010 
6.410 
6.730 
17, 630 



July. August. ' ^^"" Ootol»er. ^^;^l^'- ^^*'"»- 



1,650 
4.800 
4,790 
2.020 
1,460 
13, 210 



380 
1,150 
650 
620 
600 
3,570 



270 
370 
340 
390 
480 
880 



280 
220 
250 
610 
420 
900 



400 
220 
230 
470 
260 



ber. 

1,440 
510 
260 
340 
260 



Mean. 

1.770 
2.670 
2, .563 
2.108 
1,737 



There are a number of flowing wells on the low grounds near the lower end of Chowchilla creek and in Fresno 
slough. The total number enumerated upon farms in 1890 was 47, the depth ranging from 72 to 1,200 feet, the 
average being 562 feet. As a rule, little if any of the water is used for irrigation. At Kingsburg, east of the artesian 
area, a well was bored to the depth of 600 feet, but without success. Also at Madera, 20 miles northwesterly from 
Fresno, a well was put down to the depth of 1,200 feet, but the water does not rise to the surface. It is necessary 
to employ windmills in this vicinity in order to raise water for stock. 

There are at least 16Jinportant irrigation systems taking water from Kings^ SanJ qaquiiij Fresnoj and other 
rivers and covering over a half million acres of land. The total length of the principal canals is stated to be 
upwardo f v75()_m iles^nd there are doubtless over a thousand miles of distributing ditches. There are stated to be 
12 dams across the rivers, as well as other works for diverting the water. The total cost of all these systems has 
been placed at about $2,000,000. The farming land under these canals has an assessed value of from $25 to $40 
per acre, and sells readily at from $50 to $100 per acre. The unirrigated lands are assessed at from $5 to $10 per 
acre,^nd sell probably at from $10 to $20 per acre. Of the land irrigated, it is estimated that from 1 to 2 per cent 
is ill fruit, 15 to 20 per cent in grapes, about 10 per cent in alfalfa, and the balance in cereals, the value of the 
fruit and grape product being far greater than that of all other crops put together. While not attempting to give a 
detailed description of each irrigating system, it may not be out of place to mention a few of the typical canals. 

Among the canals taking water from Kings river in this county are the Enterprise, Kings River and Fresno, 
Fresno, Fowler Switch, Centerville and Kijigsburg, Emigrant, and Liberty. From the San Joaquin are the 
Upper San Joaquin and other canals heading in the foothills, and lower down is the San Joaquin and Kings 
River canal, taking water out on the west side of the valley in the vicinity and north of Firebaugh and extending 
to and beyond Los Banos in Merced county, as shown on the map of the vicinity of Merced. Also on the east 
side of the river are the Chowchilla and other canals covering the lowlands. Other canals, as, for example, 
Madera and Fresno River, head along Fresno river and Dry and Chowchilla creeks in the northern part of the 
county. 

The Enterprise canal takes water from the west side of Kings river and carries it out in a northwesterly 
course along the upper edge of the valley land toward the point where the San Joaquin river leaves the 
mountains. The total length is about 'M) miles, the average width 20 feet, and the cost was approximately $40,000. 
Work on the canal was begun in 1885 and water was first used in 1886. From the river water is diverted by means 
of a wing dam made of cobblestones, replaced whenever the river falls and fails to supply the canal. Lauds can 
be brought under irrigation within 4 miles of the headworks. There are few deep cuttings along the line and only 
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5 flumes. TUv canal in owned by a cor[>orati(>u, 6 shareu in wliicli entitle the iiolder to 1 second-foot of water, an 
amount conisidered snfiiciciit to irrigate 100 acres. Tlie coat of the water right was about t5 ]>er acre, and the 
annual assessment is about 05 cents per acie. Water is used mainly for iriigating vineyards, which are moistened 
two or three times daring the year, begiiiuinf^ in March and ending in July. 

MAP OF IRRIGATING CANALS IN I'HE VIL'JNITV OF FRKSNO, KRK8N0 COUNTY, CALIFORNIA. 




The Kings river and Frcsiio cauul, sometimes known as the (.iould canul, is the next in order below Uie 
Enteri>rise, and nirrieo water to lauds north and east of Fresno. The total length of the main ditch ia aa niilear 
the average width 24 feet, and the capacity is estimated to bo from tioO to 3tMl swrood-feet when full. The cost 
ia stated to have been ♦lOrtjftOO, The canal was begun in 1871, used in thi' following year, and enlarged in 1881. 
Under this canal, as in the citee of that described iiliove. 1 Keeoiid-ioot in supiiosetl to irrigate' IfiO aei'es. The 
amount of water flowing in a box 18 inches wide and Ijavinfir a dejith of 4 inches, without head or bach pressure, 
is supposed to be 1 second-foot, although as a matter of fiict the <juantity must vary greatly. Also the quantity 
of water flowing through an ojieninfr 1 inch in heifjht and .TO inches in width under a 4-ineb pressure has been 
defined as being a sccoud-foot. Shares are vahicd at ^100, each entitling the holder to one-fburtb of a second-foot 
of water, and the annual assessment is aliout 50 cents per acre. 

The irrigating system belonging to the Fresno Canal and Irrigation Company, connnoiily known as the <.'htii'i-h 
or Perriti canal, takes water fi-om the west side of Kings river, the head works being about 20 miles east of Fresno. 
The total length of the main ditches is about ti'lO miles, the width being from 100 feet down to 10. The r)rdinary 
discharge of the main canal is estimated to be about 1,000 sc<tond-feet. The total cost of the canal and system of 
diti-hes was probably $1,0<K).04Ht. The canal was begun in ISliS and the distributaries are still being extended. 
Water is diverted by means of a small stone dam, and there are no works of engineering importance, such as 
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flumes or deep excavations, along its line. Besides the main ditches, there are several hundred miles of 
distributaries, eoveriug an area 40 miles in length from east to west aud about 15 miles in width. It is customary 
to estimate that 1 second-foot will irrigate a (luarter section, or 160 acres. No attempt is made to measure the 
exa(*t quantity, but persons owning water rights in general use as much water as they desire. 

Tins pftmil^^ystf^n^ i» A^Ti^d>x?/'!^^r^."'.^tloili.^"^ the shares do not entitle the holder to the use of water, the 
water rights being sold entirely independent of ownership in the canal. The cost of water right per acre is stated 
to be $6.25, or $1,000 per quarter section. The annual assessment is 62.5 cents i)er acre. The most important 
product is raisin grapes. Second in value to these are the grapes raised for wine, the fruits, vegetables, and alfalfa. 
In this vicinity, as in many localities in the state, it ha^s been found that the amount of water required for irrigating 
an acre depends upon the length of time during which the land has been under irrigation. When water is first 
a])plied it is necessary to use from 2 to 3 second feet for each quarter section, but in the course of a few years the 
land becomes saturated, or, as it is connnonly called, *'subirrigated'', requiring far less water. Many of the older 
irrigators do not use water directly, but depend entirely upon subirrigation. When irrigation was first introduced 
it is stated that in many localities water could be found only at depths of 100 feet. In the same localities at the 
present time water can be found at depths of from 5 to 15 feet. Improved lands under irrigation now yield products 
valued at from $50 to $200 per acre, while the unimproved land is worth from $75 to $100 per acre. 

The Fowler Swit:Ch canal. is below that of the Fresno C^iuial and Irrigation ("ompany and covers land in the 
vicinity of Fowler, 8 miles southwesterly from Fresno. The total length of th^uuain canal is about 3D mil^Sy^width 
40 feet, and the cost was in round numbers $300,000. It was begun in 1882 arid used In 1884. The canal was 
owned by a corporation, 300 shares at $1,000 each being issued. The^~water has been rented at $32 per share. 
This canal as well as others has suff'ered from the enforcement of the so-called riparian laws. In the case of this 
irrigating system and others adjoining some water is supplied to canal companies or associations owning the branch 
lines. 

The Centfii^rillfijind King^^sburg canal also takes water from the west side of the Kings river, but for a large 
portion of its course follows along within only 2 miles of the river. The total length of the main ditch Is aboTit 22 
viSj^y the average width 30 feet, and the cost was approximately $100,000. The canal was begun probably In iSffJ 
There are 3 main branches each about 20 feet in width, as well as a large number of smaller ditches. ^^ 

The J^Iadiira_canal takes water from Fresno_ii^(a|\ carrying it out on the south side in a southwesterly 
direction. The total length of the main canal K'SO mileSy/1:he average width 15 feet, and the total cost was $160 000. 
Water rights have been sold at $5 per acre, the annual assessment being $1 per acre. Water is used mainly for 
raisin grapes, fruit, alfalfa, and some small grain. No attempt is made to measure the water, but the annual 
charges are made according to the acreage. There is great variation in the land, some being heavy and not 
requiring one-half as much water as do the adjoining tracts of light sandy soil. 

Humboldt county is one of the northern coast counties, lying in a relatively narrow strij) along the Pacific 
ocean and separated from Oregon by Del Xorte county. The greater i)art of the area is mountainous and heavily 
timbered, and the larger rivers flow through dcej), narrow valleys. The rainfall is heavy and is sufficient for the 
needs of agriculture, irrigation being exceptional. The few irrigated areas reported consist mainly of orchards 
vegetable gardens, and fields of alfalfa, to which water has been brought for use during the late summer droughts. 
Tlie ditches are small, costing jnobably not more than $50 or $100, and taking water from some spring or rivulet 
to cultivated patches near by. In this part of the state several deep borings have b(»en made for the purpose of 
obtaining water supply. One of these was near the town of Eureka, while other att<»mpts to strike flowing water 
have been made in the reclaimed salt marshes near Ferndale. 

Inyo county lies cm the eastern side of the Sierra ^Nevada range and adjoins Esmeralda and Nye counties 
Nevada, to which it is similar in climate and topography, being within the great interior basin. On the extreme 
western edge of the county are the high i>eaks of the Sierras, rising to altitudes of 14,0(M) feet and upward and 
covered thnmghout the year with snow. From these come numerous streams, which, <lescending rapidly, unite to 
form Owens river, flowing southerly along the base of the range to Owens lake. Along (»ach side of Owens river 
is a strip of agricultural land, but ui)on which crops can be raised only by irrigation. To the east of this is a 
succession of ranges and deep valleys of what is known as the Great Basin type, similar to those in southern 
Nevada. In these valleys the water supply is so limited that agriculture is impossible, except at a few restricted 
localities in the vicinity ot springs or of the small perennial streams. The most noted among these lowlands 
between the mountains is Death valley, the bottom of which is reported to be upward of 350 feet below sea 
level. Borax and similar substances are obtained in these depressions, but beyond these products the desert area 
has little ]>resent value. 

The streams which enter Owens valley from the west are diverted by numerous ditches, and there are also 
several canals already in use or under construction deriving their supply from Owens river and covering both sides 
of the valley. The principal among these is tUg^nyo canal, heading about miles above Independence and 
carrying water out on the east side of the valley as far south as Owens lake. This ditch is reported to be 50 feet 
in width near the head, 30 miles in length, and to have a capacity of 300 second-feet. Besides this ditch there are 
1690 IB 4 
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on the east side of the river the McNally, Zeiger, and Collins, in the northern end of the valley, and on the west 
side the Stevens ditch, heading near Independence. A large irrigating system known as the Owens river canal 
has been projected to cover the entire west side of the valley, the head being 10 miles west of Bishop station, and 
the main canal extending down to and even beyond Owens lake. 

,.The Bishop creek ditch_head8 on the south side of Owens river, about 6 miles west of Bishop station. It is 

/^ l4 milesTongrffoih l(i to 20 feet in width, and has cost over 815,000. It is owned by a corporation composed of 

farmers, each share in the ditch entitling the owner to 0.5 second-foot of water. Each share cost from $250 to 

$500. There is apparently an ample water supply for the land now under irrigation, but it is probable that it will 

be necessary to resort to water storage in the future at localities known to be favorable. 

Kern county is in the extreme southern end of San Joaquin valley, extending from the coast range easterly 
across the end of the valley to and beyond the Sierra Nevada mountains, and including in its southeastern corner 
a portion of the Mohave desert, a part of the great interior basin of western United States. The most valuable 
lands of the county are those which lie within the San Joaquin basin between the lowest ground and the foothills 
of the Sierra Nevadas. The rivers which come from the high mountains forming the southern end of the Sierra 
Nevadas discharge their waters out upon the nearly level plain at the southern end of the San Joaquin valley, 
the fall near the center being so slight that the channels are not well defined, and the water for a great part of the 
year flows sluggishly through what are known as sloughs and forms in places large marshes or open lakes. There 
were formerly two lakes of considerable size in this county, Buena Vista and Kern, the river discharging into 
Kern lake, then westerly into Buena Vista, the excess water of which flowed out northerly into the sloughs 
extending to Tulare lake. Works of river reclamation and improvement have, however, changed the condition of 
things so that Kern lake has disappeared and Buena Vista, confined within narrower limits, serves as a reservoir 
for lands to the north. 

The greater part of the agiicultural lands of this county are under the control of two large corporations or 
associations of capitalists. The first of these, the Kern County Land Company, owns the lands formerly known as 
the Haggin and Carr property, while the second, the San Joaquin and Kings River Canal and Irrigation Company, 
' or Miller and Lux, controls the lands northerly from Buena Vista reservoir. There has been a long legal warfare 
between these companies over the use of the water of Kern river, the matter being finally settled by agreement, 
all parties joining in works of river improvement and water storage in Buena Vista lake. Until within a few 
years nearly all of the lands held by these great owners were utilized, if at all, for pasturage and for raising forage 
crops and the cereals, tracts of several thousand acres being flooded in a wholesale manner by means of checks or 
low levees a few inches in height constructed on contours. In the latter part of the last decade the owners began 
to see the advantages of cutting up these great holdings into small lots and selling these to colonists who would 
set them out in fruit, it being found that the climate was favorable for the profitable production of all the fruits 
for which California is famous. 

A number of colonies have been started in the vicinity of Bakerstield and at other points, mainly on the 
eastern side of the valley, and lands which formerly yielded under irrigation only forage and grain are now set out 
to the most expensive orchards and vineyards. Much of this land requires but little water, one good wetting a 
year being sufticient. In some cases no direct irrigation is practiced, but the seepage from canals at a distance 
suffices to keep the ground sufficiently moist. In wet years the small grains can be raised usually without any 
application of water even on lands above the canals. Although large areas have been subdivided, there still 
remain a number of great rancthes, devoted mainly to the raising of horses and cattle. 

This county is noted for the number of artesian wells and the large quantity of water discharged by them. 
The principal wells, as shown on the map, are found in the region of country lying from 10 to 20 miles west of 
the Southern Pacific railroad and between it and that part of Kern river known as Buena Vista slough and Goose 
Lake slough, being in the vicinity of the Smyrna, Miramonte, and other (colonies. They are thus located mainly 
within townships 25, 26, and 27 south, ranges 22, 2.'^, and 24 east. Mount Diablo meridian. There are also many 
flowing wells in the lower part of what is known as the Kern delta, south and west of Bakersfield. It is claimed 
that the largest wells are in township 23 east, range 27 south, this being about 40 miles southerly from Tulare 
lake. In this township the Kern County Land Company had in the census year 24 artesian wells, of from 300 to 
1,100 feet in depth, and also 4 wells not flowing, of from 400 to 1,000 feet in depth. The discharge ranged from 40 
to 420 gallons per minute, or from 0.1 to 1 second foot. A few wells were reported as discharging as high as 4 
second-feet, or approximately 2,500,000 gallons per day. Comparatively little of this water has yet been used for 
irrigation, but it is probable that it will be more fully utilized as the colonies increase. The cost of these wells 
varied from $2 to $3 \yev foot in depth. 

As an example of the largest wells may be given one in section 17, township 26 south, range 23 east. This 
is 635 feet deep, 8 inches in diameter, and cost $1,875. It discharges at the rate of 3.7 second-feet, and has 
irrigated 320 acres. This area was covered by young orchards of plnm and fig trees, by raisin vines, grain for 
hay, alfalfa, corn, sorghum, vegetables, and shade trees. Taking Kern county as a whole, the average depth 
df the wells js 551 feet, diameter 8 inches, and cost $1,489. The discharge is 1.072 gallons per minute, and the 
average area irrigated by each well used for that purpose was 125 acres. 
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The larger canals of the county depend upon the Kern river, which, rising in the lofty Sierra Nevadas, flows 
southerly and then southeasteily^iTtb the head of the San "Joaqi^^^ valley. To the south and north of this are 
other streams having a less area of mountain catchment and a far smaller discharge. The quantity of water flowing 
in these streams was measured by the state engineering department of California and the results were published 
in the "Physical Data and Statistics of California", already cited. The Kern river was gauged chiefly at the Rio 
Bravo Eanch station, a point below the mountain canyon and above all canals of diversion in the valley. Readings 
of the height of water were kept from 1878 to 1883, these data forming the basis for computing the discharge. 

DISCHARGE IN SECOND-FEET OF KERN RIVER AT RIO BRAVO RANCH, CALIFORNIA. 

(Drainage urea, 2.345 square miles.) 



TEARS. 



1879. 
1880. 
1881. 
1882. 
1883. 
1881. 



January. 

4tf2 
354 
1.078 
335 
280 
350 



Febru- 
ary. 

501 
370 
1,773 
395 
350 
470 



March. I April. 



552 
389 
1,570 
500 
70U 
940 



764 
1,557 
2,288 
1,174 
1,170 
1.980 



May. 

927 
2,659 
2.382 
1,670 
1,410 
5,860 



June. 

971 
3,317 
1,890 
1, 306 
1,170 
9,380 



July. August. 



535 

2,196 

1, 126 

726 

940 

5,860 



266 
1.060 
027 
330 
470 
2,350 



Sept«m- ^^^^^^ 



iH'r. 



171 
767 
361 
330 
350 
940 



182 
758 
333 
330 
280 
470 



Novem- 
ber. 


Decem- 
ber. 1 


261 


356 ' 


767 


1.063 ! 


337 


350 


280 


280 


1 200 


200 



Mean. 

503 

1,280 

1,183 

646 

627 



The mean discharge of Caliente creek, lying to the south of Kern river, has been computed by the state 
engineer of California from considerations of the rainfall and of the probable drainage per square mile. The results 
are considered as approximate only, but as such have their vahie, and are therefore given in the following table: 

DISCHARGE IN SECOND-FEET OF CALIENTE CREEK AT BASE OF FOOTHILLS, CALIFORNIA. 

(Drainage area, 423 square milea.) 



TKARS. 



January. 



Febru- 
ary. 



March. April. May. 



1879 
1880 
1881 
1882 
1883 
1884 



34 1 


1 
59 


30 


508 j 


973 


1,100 


212 


423 , 


423 


51 i 


63 


212 


63. 


63 1 


338 


212 ' 


1,269 1 


1,269 



106 
1,227 
423 
212 
212 
846 



76 
846 
423 

42 
169 
169 



June. 

25 

212 

212 





212 



July. 



AujUMist. I ^Pfi'™* October. 



ber 




21 








































' 








42 


» 









Novem- 
ber. 



110 

85 



63 

42 



Decern 
ber. 



212 

212 

51 

6J 

63 



Moan. I 



54 

432 

181 

59 

83 



Poso creek drains the area to the north of Kern river, entering the valley east of Goose lake. Here, as in the 
case of Caliente creek, the computations of discharge have been based upon considerations of rainfall and drainage. 
The following table gives therefore the best information available : 

DISCHARGE IN SECOND-FEET OF POSO CREEK AT BASE OF FOOTHILLS, CALIFORNIA. . 

(Drainage area, 289 square miles.) 



TEAB8. 



1879 
1880 
1881 
1882 
18S3 
1884 



T<>n»«... i Febr"- 
Januarj.l ^^^, 



Marcb. 



April. 



23 

347 

145 

35 

43 

145 



iO 

665 

289 

43 

43 

867 



_. 


i 


20 ' 


72 


751 ' 

1 


838 


289 1 


289 


145 1 


145 


231 


145 


! 867 

1 


578 



May. 

52 
578 
289 

29 
119 
119 



June. 


July. 


August. 


Septem- 
ber. 


17 











145 


14 








145 



































' 145 












October. 





29 




Novem- 
ber. 



58 



43 

29 



Decem- 
ber. 



145 

145 

35 

14 

43 



Mean. 



37 

295 

123 

38 

57 



Measurements of the amount of evaporation from exposed surface of water were made at various points in 
Kern county and also at Kiugsburg, in Tulare county, by the state engineering department of California in 1871) 
and later years. Those in Kern county were commenced in June, 1879, and were carried on during July, August, 
and September, the hottest months of the year, being supplemented by observations made into December at 
Rio Bravo ranch, about 10 miles east of Bak^rsfield. The Kern county measurements were made from pans of 
galvanized iron 2 feet square and 1 foot deep, some of these being floated in large bodies of water, and in other 
cases the pans were set in open ground. 
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The following statemeut shows the average evai)oratiou in inches per 24 hours, as obtained at the different 
localities: 

INCHES. 

Reader lake, a narrow body of water 12 to 15 feet deep, Bnrrounded by large cottonwood treea and willows. Pan placed in a 

shallow arm of the lake, folly exposed to the sun, but protected from the wind. Jane 25 to July 8 0. 24 

Panama slough. Pan placed in running water 10 feet deep, having lower temperature than Reederlake; fully exposed to sun, 

but protected from the wind. July 9 to August 20 0. 14 

Kern lake, about 2 miles from shore. Pan in 5 feet of water. September 5 to 29 0. 22 

Kern lake, near shore. Pan in 2 feet of wat<T. August 30 to September 29 0. 32 

Kern river, at Rio Bravo ranch, 3 miles below the mouth of Kern river canyon. Pan freely exposed to sun and wind, but immersed 
in water to within 2 inches of its top : 

October 11 to 25 0.11 

November 1 to 29 0.09 

December 6 to 20 0.05 

At the same time a pan was kept on top of the ground, free to the action of the weather, resulting in greater 
evaporation. The results of all of these measurements are.shown in a different form in the following table, the mean 
daily evaporation in each case being multiplied by the number of days in each month. In doing this a number of 
assumptions are made, some of which may be questionable, but the results obtained afford a basis forjudging of 
the possible monthly eva|)oration. At the bottom of the table are given figures showing in inches the computed 
evaporation at Fresno, in Fresno county, these representing possibilities of evaporation rather than actual loss. 
Below these are given the percentages showing the relative evai)oration in each month of tht year. 

COMPUTED DEPTH OF EVAPORATION, MONTHLY. 



STATIONS. 




Janu- 
ary. 


Febru- 
ary. 


March. 


April. 


May. 


June. 
7.5 


July. 
........ 


AugUKt. 


Septem- 
ber. 


Oi'to- 
bfr. 


Novem- 
ber. 


Decem- 
ber. 


Total 

for 

year. 


Retnler lake 








Panamu sloutrh 




4.4 


4.5 






* * * 






KorD lake, center 


: 1 i 


6.5 
9.5 




1 1 


1 i 
Keni lake. northeaAt sliow^ 






, 




Kerii river 


1 , 






3.5 
7.6 


2.0 
3.7 






Kio Bravo ranch (irroniid) - - - - 


' 






1 

i 


1.6 






. . . .ilK'IlCA. . 




2.8 
4.3 






6.0 
9.1 






*l * ' ' 




Frt*»iio ta) 


1.8 
'J. 7 


3.0 
4.6 


5.6 
8.5 


7.0 


9.1 


10.2 
15.5 


7.6 


6.7 


3.8 
5.8 


2.2 


65.8 




. -tier rent. . 




Frcsuo 


10.6 


13.9 


11.5 


10.2 


3.3 


100.0 









a Depth «»f evaporation iu the United StatOH. T. Russell. (Extriwtfrom Moutlil^' Weather Review, September. 1888.) 

^ The principal canals of the county are owned or controlled by the Kern County .CanaL_and Water Company, 
whichl^nnnleFlIie^same management as the KerTiCatHi^y-fcaMt^ompmiyTtlieproperty being knowii as tHe Ha^gin 
and Carr lands. A general description of their worlds, as given by Walter James, chief engineer, is as follows: 

All of the canals take tbeir water frora Kern river, the discharge of which has been discusBcd on a previous page. The average 
flow of the river during Juno and July is assumed to be about 3,500 second-feet. In 1884 and 1890 it was probably about 7,000 second-feet, 
these being regarded, however, o« exceptional years. From August 1 until November 1, during which period but little water is 
needed for irrigation, the discharge may be as low as 300 second-feet, the average being about 500 second-feet. During the time of 
winter rains, that is, from November to iMarch, the discharge is about 1,000 second-feet. 

During periods of high water the excess over the amount required by the various canals flows down the channel 
southwesterly from Hakersfiekl to a point north of Buena Vista lake and is there deflected by dikes southerly 
through the inlet canal, which is 400 feet in width, into the lake, as shown on the map. This lake, which has been 
converted by means of levees into a reservoir, thus holds the flood waters, which are used later in the season upon 
the lands to the northward extending to Tulare lake, these lands having a less altitude. The total area of this 
reservoir is about 23,000 acres. The evaporation from its surface has been discussed in part on a preceding page. 
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CANALS ON NORTH SIDE OF KERN RIVER. 



NAMES OK CANALS. 



Located — 



Leugth 
in niileH. 



Beardsley (o) Dec. 2, 187.3 

McCord •. Mar. 2(», 1875 

Calloway (a) May 4,1875 

McCaflrey 0<t. 'M , 1874 

Kmery Dec. 2, 1876 

Jones and Tiickev ' June 24, 1H70 

Kailroad July 24, 1874 

Wible May 1.1875 

0<K)Se Lake (a) Julv 13, 1K75 

Pioneer Apr. 26. 1873 

Edward« | Dec. 21. 1874 

James and Dixon (o) | Apr. 29, 1873 

Johnson June 12. 1873 

Ashe (b) 

May (?» 

Joice (a) 



Nov. 29, 1873 
June 2,1873 



APPROPRIATIO.V. 



Miner's 
inches. 



\ Second - 
, feet. 



Bottom 

i*idth 

in I'eet. 



I Depth Fall i 

Sloiwof of infeeti 

banks. ' water P*^r i. 

in feet.' mile.. 



CAPACITY IN SBCOND-rEET 

BT KUTTEK'8 FORMULA. 

VALUES OF N. 



0.025 



8.0 

32.0 
3.0 
3.0 

4.0 
0.6 
0.2 

4.5 !l 
11.5 I 

2.0 i 
3.0 1 
4.0 ; 
1.0 
2.0 
4.0 



47, 230 


938 i 


40 


3 to 1 


4.0 


1.0 


371 


5.000 


100 1 


3l» 


3 to i 


3.0 


1.5 ' 


207 


74,000 1 


1.476 , 


80 


3 to 1 


5.0 


0.8 


921 


1,296 1 


26 ' 


10 


1 to 1 


2.0 


1.5 • 


30 


2.000 


4(» i 


C 


3 to 1 


2.0 


1.5 


27 


1.000 


20 ' 


4 


3 to 1 


2.0 


1.5 


21 


31,075 


020 1 


40 


3 to 1 


3.0 


2.0 


309 


5,040 1 


100 


40 


3 N> 1 


3.0 


2.0 


Wd 


90, Ot)0 


1,795 


140 


3 to 1 


3.0 


2.0 


L024 


20,074 


400 


40 


3 to 1. 


3.0 


2.0 ' 


309 



1,440 
14,000 
8,640 
1,200 
4.000 
6,250 



29 

279 

172 

24 

80 

125 



6 
40 
30 



1 to 1 
3 to 1 
3 to 1 



1.0 
3.0 
3.0 



1.5 
2.0 
1.5 



I 
309 
207 



10 



3to 1 



2.0 1 2.0 



44 



0.030 



307 

171 

776 

24 

22 

17 
256 
256 
850 
256 

6 
256 
171 



0.035 



263 

146 

056 

20 

18 

14 
216 
216 
727 
216 

5 

216 
146 



36 



31 



CANALS ON SOUTH SIDE OF KERN RIVER. 



Kern Island (a) 1870 

Ohl South Fork 

Farmers Apr. 20.1873 

Castro 

Stine (a) Dec. 12,1872 

Anderson (o) Oct. 9,1872 

Gates (a) Oct. 7,1878 

linena Vista (a) , July 15, 1870 

James (a) , Oct. 15,1871 

Planket(a) Dec. 31,1872 

Meacham (a) Apr. 15, 1873 

Wilson Aug. 15, 1874 

Henlev(ft) Jan. 29,1874 

Fraser (6) Apr. 15, 1873 

Kern Vallev Water Company (o) ' Apr. 7.1877 



~N.. 

30. 
».t> 

19. 7 
5.Q 

47.5' 

4.0 

2.6 

13,2 

17. S 

3.7 

4.0 

2.5 

2.5 

.2^ 

'40. 



20,000 
3,800 

14.400 
L00(» 

55,980 

5, 057 

5,057 

14,000 

19, 730 

5,057 

1,500 

500 

2,880 

2,600 

130.000 



400 
75 

287 

20 

1,117 

101 
101 
279 
304 
101 

30 
10 
57 
52 
2,594 



40 
20 
30 
10 
30 

20 
12 
30 
40 
12 

12 
4 



3 to 

1 to 

2 to 
1 to 

3 to 

Ito 
3 to 
3 to 
3 to 
3 to 

3 to 
3 to 



4.0 
2.0 
3.0 
1.5 
3.0 

2.0 
2.0 
3.0 
3.0 
2.0 

2.0 
2.0 



2.0 
5.0 
2.0 
2.0 
2.0 

1.5 
1.5 
2.0 
2.0 
1.5 

1.5 
L5 



.1. 



125 



3 to 1 



10.0 0.9 



503 
112 
233 
35 
241 

61 
44 

241 

309 

44 

44 ! 
21 



427 
92 

103 
28 

198 

.•iO 

36 

198 

256 

36 

36 
17 



372 
7g 

164 
24 

169 

42 

30 

169 

216 

30 

30 
14 



5,026 i 4.238 



3,722 



a Canals owned by incorporated companies. 



b Abandoned canals. 



The llailroad,Wible, and Goose Lake canals discbarge into a natural channel called Goose Lake slough, which, 
as shown by the map, runs to Goose lake, the water being taken out at various points along this channel and 
used by the owners of shares in these 3 canals. All of these canals were completed to their present length 
within 3 years of the date of their location. As they are cleaned out, however, the banks are being made higher 
and their capacity increased to meet the requirements of the lands brought under irrigation each year. All of the 
canals are carried through a nearly flat country where there is no rock or expensive excavations, the cuttings not 
exceeding 3 feet in depth. Several of the canals, as, for example, the Beardsley, Calloway, and McCord, after 
leaving the river, follow as nearly on contour lines as is possible with cuttings of from 2 to 3 feet. 

At the head of the Beardsley canal is a weir GO feet long, extending to an island in the river. Also at tbe 
head of the McCord canal is a similar structure. The head works of the Kern Island canal are provided with a 
wing dam built of sand and brush, and requiring repairs in every change of the stage of water. A wasteway at 
the head gate serves to some extent to save this dam. The South Fork canal, which has its liead near that of the 
Kern Island canal, occupies in common with the Farmers canal a natural channel. At the heads of the Farmers 
and Calloway canals, which take out water on opposite sides of the river, is a weir extending completely across 
the channel and having a length of 400 feet. It is notable from the fact that it is built up(m piles driven into the 
sandy channel, and, though constructed in the lightest and most simple fashion, has for several years withstood 
the attacks of heavy floods. 

At the head of the Ruena Vista and James (!anals there is a weir in the river 300 feet long, and at the head 
of the Pioneer, Meacham, Wilson, Goose Lake, Wible, and Kailroad canals there is a weir 300 feet long (grossing 
the river. At the head of the Johnson and James and Dixon canals is a weir 200 feet long, and at the head of 
the Joice canal is a weir 280 feet long. Water is diverted to all of the other canals by means of temporary wing 
dams. From the canals the water is taken through side gates, weirs being necessary to regulate the fall in the 
canals and the flow of water through these side gates. The quantity of water in the canal is estimated by 
measurements over the weirs. On none of these canals excei)ting the Kern Island, Stine, Beardsley, and Calloway 
is the water measured to the consumers. In the case of the flrst two of these the quantity is measured in miner's 
Inches under a 4-inch pressure and charged for at the rate of 75 cents per second-foot for 24 hours. On the 
Beardsley and Calloway the water is measured through submerged openings, the charges being at the rate of $2.10 
per second-foot for 24 hours. It is estimated that 1 second-foot will irrigate in 24 hours 10 acres of orchards or 
vines or 1 acre of grass or grain. 
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MAP OF IRKIOATING CAKALS IN THE VICINITY OF BAKER8FIELD, KERN COUNTY. CALIFORNIA. 




Ill jidditioii to tlio water 8ii|i|>ly ohtitiiied fn»ni the ciuialn lliere ar« iu tliis county Hpvenil immpiiiff plants by 
wliieli wiitei' is raised to a Iieiglit of fVoin 10 to 30 (&}t, atxl at a cost uot greater than that jiiot {{iveii ubovv. 
Besides tliese there «re, as previously <le8cribed, luauy artesian wells, fumishiuR considerable quantities of water. 
It is estininted by Mr. Jaiuea that from all sources of supi)ly an urea of from 50(),<H)U to ft()0,OUO aeres may l>e 
irriKated, all of this being under the canals above nieiilioned. In the ease of each of these canals the water is 
disti'ibuted to shareholders Recording to the itnmber of shares owned by each, exc«pt> at times when the water is 
in excess of demands, when each owner receives as mncli as he wishes. The canals are usually cleaned iu the full 
at the times when water is not needed, but are sometimes allowed to run uiicteaneil for two or three years. 
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The lands under irrigation in this county, as stated by Mr. James, in a state of nature, would produce feed for 
stock in quantity to the value of, say, 10 cents an acre per year. In other words, a stock raiser could not aft'ord to 
pay as rental more than 10 cents per acre, for the land in its natural condition in this portion of the San Joaquin 
valley is of little use for other purposes than grazing. 

Besides the canals taking water from the Kern river and other streams in the lower end of the San Joaquin 
valley, there ai^e a number of small ditches deriving a supply from the tributaries of the Kern river and irrigating 
small areas in the mountain valleys. Among these may be mentioned those in the vicinity of Havilah in Hot 
Spring valley and in the vicinity of Kernville and Weldoii. In the southern part of the county, also, south of the 
Tehachapi pass, are small irrigating systems and others projected or under construction. The principal ones of 
the.se have in view the reclamation of lands in Antelope valley, the greater part of which is in the northern end 
of Los Angeles county. On Oak creek, 10 miles southwest from Mohave, it has been proposed to irrigate lands by 
means of water from a reservoir supplied by Oak creek and its numerous springs. Under present conditions the 
settlers are too poor and too widely scattered to accomplish much, and the land, though highly fertile under 
irrigation, is ntiturally of such a desert character that the pioneers barely make a living. 

Lake county is one of the smaller interior counties lying within the coast range of mountains. The nearest 
part of the county is about 60 miles north of San Francisco, and from this point it extends northerly for 
approximately the same distance. The most conspicuous topographic feature of the county, and the one from 
which it receives its name, is the large lake near its center. This, known as Clear lake, drains easterly and 
southerly by means of Cache creek through Capay valley, Yolo county, to the Sacramento. Around the shores 
of the lake are several valleys in which agriculture is carried on. Irrigation is practiced to a relatively small 
extent, principally for vegetable gardens, trees, and alfalfa. For general farming purposes the annual rainfall is 
sufficient. The water supply of the county as a wliole is large, although during the latter part of the summer the 
tributaries to Clear lake dwindle and become almost if not quite dry. In a few instances water is pumped from 
the lake by means of horse i>ower and used in truck farming, but otherwise the lake itself is not utilized toward 
irrigation within the county. In Scotts valley and around Ui)per lake are a number of flowing wells, having a 
depth of 50 to 160 feet, the average being 81 feet. There were in all 45 of these enumerated asf being on farms 
in 1890. The average cost of these was $00, and tbe average discharge 59 gallons per minute. They were sunk 
mainly for the purpose of watering stock, but a small amount of water is used for irrigating vegetables and trees. 

Clear lake has been looked upon as an excellent reservoir site, requiring but small exi)enditure to utilize it for 
the purpose of holding water for use on land along Cache creek and out on the Sacramento valley. A detailed 
survey of the lake was matle in 1889 by the United States Geological Survey, {a) Estimates were made of the 
outflow of the lake on two days only, the first on August 2, 1889, showing a discharge of SC} second feet, and the 
second on October 4, 1889, when there was a discharge of about 4 second-feet. 

As an example of the ditches of the county, may be given the liocca and Voluntine. This takes water from 
Putah creek below the junction of St. Helena and Dry creeks, the head being about 7 miles from Middletown. 
The total length is 2 miles, the width 4 feet, and the cost was $3,000. Water is diverted through a tunnel 1,600 
feet in length. The work was begun in 188.*^, finished the next year, and in 1889 150 acres were irrigated, this 
area being mainly in alfalfa. 

Lassen county is in the northeastern part of California, adjacent to the state of Nevada, being east of the 
Sierra Nevada range. The county as a whole has an altitude of from about 4,000 to 5,000 feet, the mountains 
rising 2,000 to 3,000 feet higher. There are a number of broad plains of almost a desert character within this area. 
The soil of these is highly fertile, and whenever water can be apphed large crops are produced. Without irrigation 
nothing will succeed except perhaps an occasional croi) of small grains, the yield per acre being insignificant. 
Within the county are two large lakes. Eagle and Honey, the former at an altitude of over 5,100 feet, the latter at 
about 3,950, occupying the lowest point in that i>art of the country. Eagle lake has an area of about 45 squaie 
miles, has precipitous shores at many points, and is probably very deep. In contrast to this is Honey lake, 
occupying at times twice this area, the water being very shallow, the lake in fact occasionally disappearing 
completely by evaporation. The two lakes are about 30 miles apart, but the catchment area tributary to Honey 
lake extends almost to the shores of Eagle lake, Willow creek, one of the tributaries of Susan river, heading near 
a low divide east of the center of Eagle lake. It is thns possible by making a deep cut to cause the waters of 
Eagle lake to discharge easterly down Willow creek to Honey lake. 

In the northwestern corner of the county is Big valley, traversed by Pitt river, from which water is taken for 
irrigation. East of this is Ash valley, in which some land is irrigated from Ash creek. Southeasterly from this 
latter area are the Ma<leline plains, having an altitude of about 6,200 feet and almost entirely destitute of water. 
The most important area of agricultural land is in the vicinity of Susan river and around Honey lake, the facilities 
for irrigation being exceptionally good. The county as a whole is devoted to stock raising, and thus the forage 
plants form the principal crop. Some fruit is raised, but the difficulty and expense of shipment tend to restrain 
development in this direction. As a rule, the methods of irrigation are crude, being those adapted for flooding 



a Tl?o renulti* of tliiH Hiirvey are ohown in Part 3 of thu Thirteenth Annual Report of the Geological Survey, 1892, accompanied by a contoured map. 
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large areas of nearly level laud at the least possible expense. Dams are built in the smaller streams and the water 
of the spring floods is turned out and conducted by ditches or guided by small dikes or levees, submerging as 
large an area as possible. The duty of water is thus relatively low, and >\ ith more careful use larger areas could 
be covered. The expense, however, is small, in one instance 900 acres being brought under irrigation at a cost of 
$1,200. 

The water supply of the county taken as a whole is large, there being many small streams, and one or two 
rivers of notable size. Pitt river, one of the upi)er tributaries of the Sacramento, flows through the northwestern 
corner of the county, but with the exception of this nearly all of the streams flow into sinks or lakes, from which 
the water escapes only by evaporation. Next in size to Pitt river is probably Susan river, which flows easterly 
along the front of the Sierra Nevadas into Honey lake. On the opposite* side of this body of water is Long Valley 
creek, which, also draining the face of the Sierra Nevadas, flows northerly and westerly. Both of these streams, 
with adjacent creeks, are of great importance in the development of irrigation in the county. No long series of 
measurements have been made of the available supply, but it is probably ample for all systems now projected. 
Artesian wells of a depth of from 200 to 400 feet have been sunk on the east side of Honey lake in the vicinity of 
Amadee, but at Janesville, on the western side of the lake, it is stated that borings have been unsuccessful. East 
of Pittville, below Big valley, are also a number of flowing wells, these having a depth of about 200 feet. 

Besides the numerous smaller irrigating systems are two largt projects for irrigating lands in the vicinity of 
Honey lake. On the west and north of this lake are the works of the Eagle Lake Land and Irrigation Company, 
and on the south and east of the lake those of the Honey Lake Land and Water Company. The first named 
company has canals taking water from the north side of Willow creek and one from the south side of Susan river, 
these canals heading above the junction of the streams and covering opposite sides of the valley in the vicinity of 
the town of Lassen. Near this place the two systems are connected by an iron i>ipe 22 inches in diameter crossing 
the valley, the intention being to transfer water from one canal to the other according to any necessity which may 
arise. Along each canal are storage reservoirs, in which it is proposed to hold a part of the flood waters of each 
stream. The supply is to be further increased by cutting an outlet from Eagle lake through the divide separating 
it from the head waters of Willow creek, which rises in springs within 1 or 2 miles of the shores of this lake. 
When this is done. Eagle lake can be used to a certain extent as a reservoir, furnishing an enormous volume of 
water to Willow creek, part of which can, if necessary, be carried by the iron pipe a<Toss to the canal on tlje south 
side of Susan river. 

The irrigation system of the Honey Lake Valley Land and Water Company depends for water upon storage 
on Long Valley cre^k. It is proposed to construct a large earthen dam at the point where this creek enters 
Honey Lake valley and conduct the water thus held by a system of canals leading to the north, and covering land 
in the vicinity of Liegan, and northerly toward Amiidee. The drainage area of the creek above the dam site is 
stated by the company's engineer to be 400 square miles, and it is estimated that there will be ample water to fill 
the proposed reservoir, which has an available capacity of 10,000,000,000 gallons, (a) 

Los Angeles coxnty is immediately south of Kern, extending from the nearly desert lands of the interior 
basin southerly over the Sierra Madre mountains to the Pacific ocean. The population is concentrated between 
the mountains and the seacoast, and agriculture is mainly confined to the same area, namely, to the coastal plains 
and the valleys whose drainage escapes seaward. The Sierra Madre mountains trend in a nearly east and west 
direction, extending from Ventura county across Los Angeles and into San Bernardino county, where apparently 
they culminate in Grayback mountain northeasterly from the city of San Bernardino. This mountain range is 
notable for its precipitous slopes and the rapidity with which the elevation increases from the base toward the 
summits. In fact, there are few if any other mountain ranges in the United States which as a whole rise as 
abruptly. This remarkable toi)ography has, as might be supposed, a great ett'ect upon the climate, and especially 
up(m the humidity and precipitation. The valleys at the southern foot, even though not receiving a large rainfall, 
are comparatively well watered, while the lands to the nrnthward of the range have an aridity approaching that 
of a complete desert. 

The physical characteristics, water supply, and condition of irrigation development in Los Angeles, Orange, 
San Bernardino, and San Diego counties were most fully discussed by the state engineer of California, in his rei)ort 
u\H)n irrigation in southern California, (b) This work treats in an exhaustive manner not only of the topography 

a Tho (lisKthar^t^ of Loa<; Valley crm^k, ;in ineasurtHl for th«^ company at the dam Hite, wa.s uh follown: 

tJECOXD-FEET. 

December. 1890 32 

Jaoiiar)-, 1K91 60 

February. 1891 206 

Marc-h. 1891 3iK) 

April, 1891 220 

May, 1891 116 

June, 1801 16 

Later in tho year the cnM^k becomes alnioat if not quite dry. (Keport of L. IL Taylor. eii;;iii<'er in chief.) 

h Irri(;ation in California, Southern. The field, water Hupply, and workn, or^auixation and o|H;ration in San Die^o. San Bernardino, and Lo8 Angelen eountiea. 
Tl e aeoo.id part of the report ot the tttate engineer ot Califuruiu on irrigation and the irrigation iiuention. William 11am. Uall, C. K., atate engineer. Sacramento. 
1888. 
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of tlie country, but also of the history and growth of the almost innumerable systems of irrigation now in use. 
At the time the book was prepared Orange county was a part of Los Angeles, and therefore in the descriptions the 
area now within the former county appears under the head of the latter. 

The counties of Los Angeles, Orange, San Bernardino, and San Diego are collectively spoken of as forming 
southern California, a country quite distinct from the rest of the state in its topography and in resulting conditions. 
Ventura might be included, but perhaps it falls best into the coast division. The total area of these four counties 
is in round numbers 40,000 square miles, nearly equal that of the state of Ohio, Virginia, or Kentucky. The 
greater part of this area is so arid in character that the population is exceedingly scanty. It would be possible to 
segregate the portion of these counties extending from the ocean to the tops of the mountains, including all of the 
principal catchment areas, so that the piece thus cut off would contain nearly if not quite all of the population and 
the best of the farming lands.* This tract would contain an area of, in round numbers, 6,000 square miles, three- 
quarters of the area of Massachusetts or about five-sixths of that of New Jersey. This relatively small area 
contains all of the cities and towns, the health resorts, the orchards, and the vineyards for which southern California 
is famed. The i)opulation in 1890 was in round numbers 173,000, a little more than that of Delaware. The 
remaining 34,000 square miles in Los Angeles, San Bernardino, and San Diego counties beyond the mountains 
com ains doubtless many spots of great value, but these in the aggregat-e sink into insignificance compared with the 
6,000 square miles nearer the coast. 

The agricultural lauds of Los Angeles county are mainly in San Gabriel and San Fernando valleys and ui>on 
the coastal plain. The San Gabriel valley is on the eastern side of the county, extending from near the city of 
Los Angeles easterly to within a few miles of the San Bernardino county line, lying thus along the foot of the 
Sierra Madre range. It is separated from the coast plains by the Puente hills, whose trend is in general parallel 
to that of the coast. From the high mountains at the north comes the San Gabriel river, the channel of 
which crosses the valley in a general southeasterly course. Smaller streams, coming also from narrow canyons, 
enter the upper or northern edge of this basin shaped valley. The San Fernando valley is a little north of west of 
the San Gabriel and is more nearly inclosed by high mountains than is the latter. On the south are theCahuenga 
mountains and on the north the San Fernando range, this being a portion of the main divide of the Sierra Madre.. 
The water of the streams which flow into this valley from all sides if not evaporated finally escapes at the 
southeastern corner of the basin, passing through the city of Los Angeles. 

North of the Sierra Madres are several important valleys, some of them of great size, the water supply in 
general being deficient. The most notable of these valleys is that known as Antelope, lying partly in Kern 
county. Some of the land, as for example, around Elizabeth lake, is moist, and fair crops of forage are obtained. 
Several irrigation districts have been formed in this part of the county and development of the resources is 
progressing raiudly. Water must be obtained mainly by storage, although in the vicinity of Lancaster there are 
a number of flowing wells. The Antelope Valley Water Company has made surveys for the storage of waters of 
Piru creek, a tributary of Santa Clara river. Also, Grain lake, situated at the western apex or head of Antelope 
valley, has been examined for storage purposes, and it has been estimated that 75,000 acres in the upper end of 
the valley can be irrigated by this project. 

Owing to the peculiar topography of the county, the abruptness and great altitude of the mountain range 
previously mentioned, the water supply of the southern part of the county is large. At the foot of the mountains 
the rainfall in some localities is sufliciently great for all fruits and field crops, and at other plaees, especially on 
the low grounds, there is sufficient moisture beneath the surface for the needs of plant life. However, much of 
the best land of the county, especially that most favorable for the production of the citrus fruits, requires irrigation, 
the orchards doing best in a warm, dry soil, occasionally watered. Thus, although the greater part of the 
agriculture of the county as far as gross acreage is concerned is carried on without irrigation, yet by far the most 
valuable part, the horticultural, depends immediately upon the water supply. 

In this and the adjoining county of San Bernardino nearly all of the streams flow from the mountains through 
deep canyons, entering the valleys upon great piles or benches of loose sands and gravels hundreds of feet in 
thickness. Into these the water tends to sink, reappearing perhaps in springs, or cienegas, as the water bearing 
lands are locally known, or in artesian wells. The irrigation works therefore are constructed in such a manner as 
to take water at the mouth of the canyons, or depend for their supply upon the springs or wells developed in 
various parts of the basin like valleys. There are thus less apparent system and regularity about the arrangement 
of these works than is the cjise in most localities where the irrigating ditches and canals head in succession down 
some one stream. One system of w ater distribution may obtain part of its water from a surface stream, another 
part from artesian wells, while a third source of supply may be by the development of springs in moist lands in 
some other part of the valley. There has been a gradual growth and evolution of the various water companies not 
along definite lines, and as a result the rights and property are highly complicated. Open ditches have in many 
localities been replaced by pipes placed under ground, resulting in great saving of the water. 

The San Gabriel and Los Angeles rivers are the largest streams of the county, but even during the greater 
part of the year they do not reach the ocean, their waters sinking and rising in the pervious beds. Besides these 
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are many streams having a smaller draina^ area, but carrying sufficient water to be of great importance in the 
irrigation of the county. Among these may be mentioned San Antonio creek, whose waters are divided between 
lands in this and San Bernardino county. To the west are the creeks coming from San Dimas, Dalton, and other 
canyons^ and beyond San Gabriel river, Fish creek, Sawpit canyon, Santa Anita, Eaton, Arroyo Seco, BigTejunga, 
Little Tejunga, Pacoima, San Fernando^ Mormon canyon, and others, some rising in the valley, as does San Jose 
•creek. The lowest summer discharge from San Dimas canyon is about 16 miner's inches, or a third of a second- 
foot, and from Big Dalton about half as much. San Antonio creek has been measured at a number of times, the 
results as given by Mr. Hall being as follows: 

APPROXIMATE DISCHARGE OF SAN ANTONIO CREEK, CALIFORNIA. 



DATES. 



Miner's 
indies. 



Seoond- 
feet. 



July 6, 1885 

Augusts, 1885... 
September 8, 1885 

July 6, 1886 

Aufi^st 2. 1886 . . . 
September 6, 1886 



410 


8.2 


200 


4.0 


190 ; 


3.8 


661 


13.2 


589 


11.8 


444 


8.9 



Besides these there are few if any definite measurements of the quantity of water available in the different 
streams throughout the year, and even if there were this would not tell the whole story as to the water supply at 
hand, as many of the valuable sources do not ajjpear as running creeks. There are a few farmers and 
horticulturists who claim that by thorough cultivation good results can be obtained without irrigation and that the 
fmits raised in this way are of superior quality. The matter rests of course largely upon the character of the soil 
as well as upon the amount of care given by the owner. The products of fruit culture by irrigation are, as is 
well known, enormous, reaching in value several hundred dollars per a<^re. The early crops, especially upon the 
damp lands, do not require the application of water, and in fact 'there are in the county large areivs which could 
be benefited by draining. The fairly moist lands are worth from $50 to $75 j>er acre and upward, depending 
upon their proximity to towns. With water the higher bench lands are worth from $200 to $500 per acre and 
even more in the so-called colonies. The water itself has been valued at $1,000 per miner's inch, or $50,000 per 
second-foot. The value of course depends upon the duty, and it is doubtful whether many of the water rights 
would sell at these figures, although there have been transfers at as high as $1,500 per miner's inch or even more. 
For the use of water for short times, the prices, as given later on, vary in the different localities, the charge for 100 
miner's inches during the day or night being from $1 to $5. With (certain companies delivering water under 
pressure in pipes the charge is so much per hour for the use of a hydrant, the pressure not being given. For 
example, 15 cents i)er hour is paid for watt»r from a 2-inch hydrant and 35 cents per hour for a 4 inch hydrant. 

The water storage does not play as important a part here as in the case of San Bernardino county, with its 
Bear valley reservoir, or San Diego county, with the Sweetwater dam. Probably the largest storage works in the 
county are those in the northwestern j)art of San Fernando valley, the reserv^oir being in what is known as 
Mormon canyon. The dam in this canyon consists of an earth embankment 75 feet high, 270 feet long on top, 136 
feet thick at base, and feet thick at top. This dam is stated to have cost about $10,000, and the capacity of the 
reservoir thus formed is given by the state engineer as follows: (a) 



ELEVATION OF WATER 
PLA.VE IN FBET. 



Above f»oa 
level. 



1.05U 
1,060 
1.070 
1.080 
1,090 



Above 

ba»e of 

daai. 



10 
20 
30 
40 
50 



CAPACITIBS OF 

RESERVOIR ABOVE 

GRorND'S SURFACE. 



Cubic feet. 



57, 8:i4 

563, 9H3 

1.887,J»81 

4, 005, 200 

7, 084, 077 



Million 
gallons. 



0.43 

4.22 

14.12 

52.99 



There are also in the county many large cement tanks or small reservoirs built by the owners of ranches or 
small farms at the highest p'oints of these. They are tilled sometimes by a small continuous supply from a spring 
or i)ipe line, or are used to receive the full flow of a ditch during certain stated times. 

Tlieai*tesian areas in Los Angeles and Orange counties are among the most important of California. In the 
valleys there are within certain areas so many wells that it may be said that every fruit grower has at least one. 



a Irrigation in Sontbern California, page 532. 
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lu Los Angeles county 627 have been enumerated as being upon farms, the depth of these ranging from 20 to 600 
feet, the average being 187 feet. Comparatively a small proportion of the water is used immediately for irrigation, 
since many ot the wells are upon lands already sufficiently moist for the ordinary crops. The flowing wells, 
liowever, have a great value in furnishing a supply for the numerous pipe lines laid for general municipal and 
agricultural use, as, for example, in the case of the Chino pipe line, taking water from the vicinity of Pomona for 
the Chino ranch. In the Physical Data and Statistics of California is a list of 40 wells, mainly in the vicinity of 
Pomona. The flowing wells recorded by the census enumerators were mainly in the vicinity of Artesia, 16 miles 
south of the city of Los Angeles; of Compton, 11 miles south, and of Florence, 6 miles south of the same place. 
Many of the farmers state that they have feared to use the water for general irrigation, since, as they believe, 
certain areas have been spoiled in this manner by the development of alkali upon the surface. The water in 
general is clear and pure, in some instances containing a notable amount of suljihur. The force of the water from 
some of these wells is sufficiently great to drive sm<all machinery. 

Certain of the wells are reported as being sunk as e^rly as 1870, and a large proportion were put down 
previous to 1880. Within the hvst decade the increase in number has been so rapid that the eflfect is being shown 
in diminished pressure and flow ftom some of the older wells. In several instances farmers report that large wells 
sunk near the coast have plainly affected their water supply, while others sta«te that wells nearer the mountains 
have had a similar eflfect. Evidence on all sides points to the fact that the discharge from the wells will soon equal 
the capacity of the supplying area, since many of the wells on the higher ground already fluctuate with the season, 
diminishing in summer to such an extent that windmills are occasionally used. 

At San Gabriel, 9 miles east of Los Angeles, a well was put down to the depth of 564 feet, but without reaching 
artesian water. Near this town on the low ground, are a number of flowing wells, furnishing water for domestic 
puri^oses, but relatively of little use for irrigation. Northwesterly from Los Angeles, in San Fernando valley, are 
a number of flowing wells, also at Newhall, a town on the Santa Clara river about 30 miles northwesterly from 
Los Angeles, and at Lancaster, in Antelope valley. 

To attempt to describe the different systems of water distribution or even to satisfactorily enumerate them is 
not possible within the limitations of this discussion, and therefore, as in the case of other counties, brief mention 
is made of some of the typical or important features. Among these may be mentioned the water supply furnished 
by the city of Los Angeles to the adjacent farming lands, among the most valuable in the county. The water for 
the city is diverted by several lines, one from the Los Angeles river about 5 miles above the city, and again about 
a mile within the city limits, this latter conduit being known as the Zanja Madre (Mother ditch). A third supply, 
for the east side, is taken out about 2 miles below the head of the Zanja Madre. The upi)er ditch carries about 
26 second-feet, or 1,300 miner's inches, this considered as being 4 *4ieads". This quantity of water is estimated by 
the state engineer to be about the average low water or summer discharge of the river. 

The water is distribute by something over 50 miles of conduits within the city, fully half of these being open, 
and by 40 miles or more of distributaries outside the city, besides numerous farm ditehes. In 1888 nearly 3,000 
acres were irrigated inside the city and 8,000 acres outside, besides 3,000 acres wet by sewerage. The water is 
controlled by the cit}' council, which makes the necessary regulations and appoints the superintendent or 
zanjero. There is more water available than is needed on the lands within the city limits, and for this reason 
the excess is sold to the farmers outside, these having formed associations for the purpose of distributing the 
water among themselves. The price for the (uty water is governed by the city council, the cost to persons inside 
the city limits being considerably less than to those outside. In each case permits are issued to the irrigators to 
use a zanja for the purpose of carrying 1 ^'head" of water for a certain definite time. The quantity is not otherwise 
specified and depends upon diflterent conditions. 

The charge for the use ot water during the day is greater than at night, being ^5 or more to persons outside the 
city. The quantity of water contained in an irrigation ** head" is supi>osed to be 100 miner's inches, or 2 second-feet, 
but, as shown by the state engineer, it has been nearer 200 miner's inches, or 4 second feet. Considerably over 
one-half of the land irrigated is in vegetables and about one-third in orchards and vineyards. Many of the best 
vegetable gardens are those rented by Chinamen, who pay from $15 to $25 per acre. Much of this land has 
without irrigation sufficient moisture for the needs of one ('ro]) an<l for trees, but by irrigation and thorough tilling 
of the soil the Chinamen succeed in pioducing tliree or four crops each year. As a rule, they flood the ground 
before ])lanting, and as soon as the soil is dry they plow, harrow, and i)lant at once. Later, when the crop is about 
half grown and has been carefully weeded, a deep furrow is i)lowed in every alternate row and filled with water. 
When this ground is sufficiently drj^ the furrow is cultivated, and later the other rows are filled with water and 
cultivated in turn. This is usually sufficient for maturing the crop. When this has been gathered the gnmnd is 
flooded and again planted. 

Next to the Los Angeles river and the systems of irrigation depending upon it is the San Gabriel river and 
its works for distributing water, only a few of which, and perhaps the less important, can be mentioned. The 
Azusa irrigating ditch takes water from the San Gabriel river, about 2 miles from the town of Azusa, bringing it 
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out on the east side, the Duarte ditch taking water out on the opposite or west side of the river. After leaving 
the river the main dit'Ch is divided into a number of branches, covering a portion of township 1 south, range 10 
west. On the line of the ditch are a few tunnels and flumes, but for the greater part of the way the water flows in 
open earth cuttings. The water is divided into what are known as " heads " or '' runs ", consisting of about 50 
miner's inches, or 1 seeond-foot. Those entitled to the use of the water pay at the rate of $2 per day for a '* head'^ 
of water. The greater part of the land irrigated is set out with orange, lemon, and deciduous fruit trees. 
Relatively small areas of vegetables and alfalfa are also irrigated. 

The Duarte Mutual Irrigation and Canal Company has constructed a pipe line, taking water from San Gabriel 
river and Fish creek, the head works being about 4 miles from Azusa. Water is taken from the main stream first 
through a tunnel, then in a rock lined and cemented ditch for about one-half mile, later through a 26-inch pipe, a 
brick culvert, and cement pipes, ranging in size from 14 inches to 22 inches in diameter. Twenty shares of stock 
in this company call for 24 hours' run of a full " head " of about 100 miner's inches. Ea<;h irrigator is entitled to 
a full *' run " about every 20 days, or a half '' run" at intervals of about 10 days. A share is valued at $100, and 
is intended to furnish sufficient water for 1 acre of citrus fruits. The annual assessments vary from $3 to $4 per 
share. This corporation, taking water from the month of San Gabriel canyon, receives one-third of the whole 
amount, the other two-thirds going to Azusa. The accompanying figures show portions of cement ditches u\h)u 
E. J. Baldwin's place at Santa Anita, and exhibit the methods of distributing and controlling the waters obtained 
from the streams or artesian wells. 

The works of the Vineland irrigation district take water from near the mouth of the San Gabriel canyon, about 
1.5 miles north of the town of Azusa, being on the east side of the river. The main ditch is 4 miles long and 3.5 
feet wide. The total cost, exclusive of water right and of tunnel, was, in 1890, $27,000. The water is taken from 
the river into a covered flume 1,500 feet in length. The whole amount of the water is divided into "runs", each of 
these being not less than 80 nor more than 100 miner's inches, flowing continuously for 12 hours. The farmers are 
served in rotation, beginning with the lowest on the^last lateral. Generally three persons are served each with a 
*' run" at the same time. The district has constructed a tunnel 2,000 feet in length and about 5 feet in height to 
take out the water percolating through the bed of the San Gabriel river. In the dryest time of the year this 
tunnel is stated to yield 60 miner's inches. 

The East Whittier conduit derives water from artesian wells and the seepage from gravels along the San 
Gabriel river, the wet lands controlled by the East Whittier Land and Water Company being between El Monte 
and Puente. A cut has been made on the west side of the river over 3,000 feet in length and having a depth of 
from 6 to 15 feet. Sheet piling has been driven along a portion of this cut to protect it from the river, and a fltime 
4 feet by 6 feet has been placed in the excavation, bringing the water out to the cement conduit. The water ia 
conducted across the river to the east side and follows along the hillside to the East Whittier rancho. The total 
length of the flumes and cement conduits is about 10 miles, and the total cost approximately $60,000. 

The (ilendora Water Works derive a supply from Big Dalton canyon by means of a tunnel 1,500 feet in 
length. From this a 12-inch pipe leads the water to points where it is distributed to 3 reservoirs, from which in 
turn iron pip<»s bring the water to the town of Glendora. The total cost up to 1890 was $55,000. Only a small 
m-reage of citrus fruits is irrigated. 

The Palmdale Irrigation Company takes water from Little Rock creek, their ditch, 7 miles in length, carrying 
it out oh the west side of the creek in a northerly direction. The total cost of this ditch is stated to have been 
$16,000. Stockholders in the company pay 10 cents per hour for 100 miner's inches as measured thrcmgh an 
opening 10 inches square under a 4-inch pressuie. The principal crops irrigated are alfalfa, corn, potatoes, and 
vegetables, together with fruit trees and vineyards. 

A number of districts have been formed in this county, these being Big Rock creek, Glendora, Pomona Orange 
Belt, Santa Gertrudes, and Vineland. The location of these is shown on the general map for the state, and the 
principal facts concerning the area and valuation are given in the table accompanying this figure. The Big Rock 
creek district, which is located on the north side of the San Gabriel range, is reported to have been unsuccessful 
in its attempts to raise money, and apparently little has been accomplished. It is proposed to obtain the water 
supply for this district from small streams flowing northerly into the desert, but it is doubtful if a sufficient amount 
can be obtained to bring all of the lands under irrigation. 

The (flendora district embraces 3,000 acres in the vicinity of the town of Glendora, near the eastern boundary 
of the county. Bonds to the amount of $170,000 have been voted, but not sold. Pomona Orange Belt district, 
embracing 4,000 acres in the \icinity of Pomona and east of the Glendora district, has no immediately available 
source of water sui)ply, but various projects have been discussed, especially the plan of purchasing water from the 
Arrowhead Reservoir Company, the sites for whose storage works are in the higher valleys of the San Bernardino 
range. The Santa (iertrudes district com])rises 2,600 acres in the vicinity of Santa Fe springs. Water will 
probably be obtained from what is known as Xew San Gabriel river. The Vineland district, in the vicinity of the 
town of that name, has been bonded for $50,000 or over for the purpose of developing water primarily by means of 
a tunnel under the channel of San Gabriel river. 
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Marin county occupies the peiiiusala iiiimediately north of Sau Francisco, and as a consequence of its 
position on the coast the climate is sufficiently moist, so that irrigration is not required. The principal industry 
is dairy farming, the city furnishing a constant market for all products of this kind. Fruit raising, especially on 
the inland side of the county, is becoming of importance a« the suburban population increases. On the side toward 
the ocean the fogs and winds render the lands less favorable for fruit culture, but the moisture in the air adds to 
the value for grazing purposes. 

Mariposa county is nortji of Fresno, extending from the summits of the Sierras westerly to the San Joaquin 
plain. It thus comprises a great range of topographic features from the foothills to the high mountain peaks. 
Within this <;ounty is the celebrated Yosemite valley, through which flows Merced river, a stream of considerable 
importance for irrigation in the San Joaquin valley. In the county, irrigation is little practiced, for the agricultural 
land in the narrow valleys usually receives sufficient rainfall for cereals and forage crops. The fruit trees are 
sometimes watered, especially those on the lower lands to the west. For this purpose the old abandoned mining 
ditches have been utilized and other works have been built. 

In the higher portions of the county there are numerous springs, and the water supply is well distributed, so 
that irrigation can be carried on at many points. The smaller streams when they reach the lower grounds usually 
dwindle, and in the latter part of June or first of July become dry, so that in order to utilize these completely for 
the irrigation of fruit trees it will be necessary to construct storage reservoirs. The irrigating ditches now in use 
are mainly of from 1 to 2 miles in length and are owned by the individual farmers whose lands are i)artly watered. 
In a few instances pumps are used to raise water to orchards on the hillsides. Probably the irrigating system of 
most interest is that in the vicinity of Coulterville, the ditches deriving water from Maxwell creek, a short distance 
above Merced river, and also from this latter-stream. One of these ditehes, 2 miles in length, supplies water to a 
Leffel turbine, which in turn drives a pump, elevating water at the rate of from 6,000 te 10,000 gallons per hour 
through about 800 feet of pipe a vertical distance of 120 feet to a large reservoir, and from this and a second 
reservoir it is distributed te the orchard. 

Mendocino county lies south of Humboldt »nd west of Lake county, and its surface, like that of surrounding 
areas, is mountainous, the valley area being relatively small. Lumbering is the principal industry, the county 
being within the celebrated redwood belt of California. General agriculture, stock raising, and fruit growing, 
though relatively of less importance, are gradually developing and demanding larger areas. Irrigation is practiced 
to a very snmll extent and that merely for gardens, fruit trees, and patehes of alfalfa, mainly in the vicinity of 
Ukiah, Pomo, and other towns. The rainfall as a whole is large, averaging over 30 inches per year, but occasionally 
is less than 20 inches in depth, and were it not for the long, dry summer the artificial application of water would 
not be thought of. P^ven with these conditions two crops of alfalfa can usually be obtained, but with watering 
five cropTs are cut. The smaller streams are usually perennial, but the larger creeks, especially those of the upper 
Eussian river, sometimes become nearly or quite dry at points in the valleys. Asa whole, however, it may be 
said that the water sup])ly of the county is large, and little difficulty will be encountered in this regard toward 
increasing the area under irrigation. 

Merced county lies across the San Joaquin valley north of Fresno, and thus includes the fertile agricultural 
lands from the foothills of the Sierra Nevadas across to those of the coast ranges. Most of these lands have been 
owned in large bodies and utilized to a great extent for the cultivation of wheat and other cereals. These are 
fairly successful without irrigation, but a full crop can not be depended upon every year. Irrigation was introduced 
on a large scale in this county, but it was found by the land owners that their gains could be greatly increased 
by subdividing the larger holdings into snmll fruit farms and founding colonies, of which there are several, 
Rotterdam, British, Deane, Yosemite, and others. It is stated by some of the largest land owners in California 
that irrigation on a large scale for wheat and other cereals has not paid in the long run. 

On the nearly level grounds of this county large areas of field crops have been irrigated by means of systems 
•of checks or levees of from 1 to 2 feet or more in height, and so built that tlie lower one backs up the water to the 
foot of the next higher. When a field has been prepared in this manner, one or two men can irrigate from dO to 
50 acres a day, or with an ani])le supply of water even up to 100 acres. On some of the lands two crops per year 
have been raised. For example, after harvesting an early crop, as of barley, the fields are planted in what is 
known as Egyptian corn, which, however, nnist be irrigated. In many places in the county water stands within 
about 10 feet of the surface, and after trees and vines are two years old they seldom need irrigation. The annual 
charges for water must usually be met, siuite these are an annual lien upon the land. 

Hay, wheat, barley, and other grain, as stated above, are (jften raised successfully by dependence upon spring 
rains. As showing the fluctuations, the following statement of success or fiiilure in "dry" farming is instructive: 
in 1809 a paying crop was raised; in 1870 and 1871 the crops were a failure: in 1872 paying; in 1873, 1874, and 
1875 partial crops only were raised; in 1870 paying; in 1877 failure; in 1878 paying; in 1879 failure; in 1880 
paying; in 1881, 1882, and 1883 partial; in 1884 paying; in 1885 partial; in 1886 paying; in 1887 failure; in 1888, 
1889, and 1890 paying. This record, while j)erhaps not applying to all farmers, serves to give the degree of 
•contldeuce to be placed in nonirrigated crops. 
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The principal streams of the county are the Merced river, Bear and Mariposa creeks, and others coming from 
the mountains on the east, and the San Joaquin river, which flows northwesterly through the lowest grounds. The 
mountain streams rise far to the east among the summits of the Sierra Nevadas, their catchment basins being 
largely in Mariposa county. The discharges of Bear, Mariposa, and Chowchilla creeks, as estimated by the state 
engineering department (a), are shown in the following tables. Their w^atersheds do not extend back to the regions 
of perennial snow, and therefore their flow is characterized by sudden rises after heavy rains. 

ESTIMATED DISCHARGE IN SECOND-FEET OF BEAR CREEK AT BASE OF F^'OOTHILLS, CALIFORNIA. 

(Drainage area, 166 squan^ miles.) 



YEARS. 



January. 



Febru- 
ary. 



March. 



April. 



May. 



June. 



July. I Auga8t. , SoP*™" i October. Novem- Decern 



ber. 



ber. 



1879. 
1880. 
1881. 
! 1882. 
1883. 
1884. 






25 


25 


61 


169 


214 





' 33 


66 


33 


17 


660 



! 57 


54 











31 


321 


23 








48 


G 











100 


130 











170 


100 


50 








910 


660 


330 


170 


66 



I 

I 

























18 


13 








115 


48 








• 


36 


17 


25 


17 


27 











35 


' 








1 
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ESTIMATED DISCHARGE IN SECOND-FEET OF MARIPOSA CREEK AT BASE OF FOOTHILLS, CALIFORNIA. 

(Drainage area, 122 aquare miles.) 



YEAK8. 



1879. 
1880. 
1881. 
1882. 
1883. 
1884. 



January. 


Febrii- 
ary. 


March. 


April. 


May, 


June. 


July. 


Auguttt. 



Septem- 
ber. 





20 


45 


43 


4 











20 


49 


24 


24 


18 


12 


• 








134 


171 


38 


5 














' 





24 


74 


98 

















49 


24 


122 


73 


37 














12 


488 


671 


488 


244 


122 


49 









October. 










Novem- 
ber. 






18 




Decem- 
ber. 



15 
92 


12 





Mean. 



11 
20 
29 
19 
25 



ESTIMATED DISCHARGE IN SECOND-FEET OF CHOWCHILLA CREEK AT BASE OF EOOTHILLS, CALIFORNIA. 

(Drainage area, 268 square miles.) 
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The principal gaugings on Merced river were made at Merced Falls, above all diversions by irrigation canals^ 
and from these and other measurements the mean monthly discharge has been computed, as shown in the 
following table: 

DISCHARGE IN SECOND-FEET OF MERCED RIVER AT MERCED FALLS, CALIFORNIA. 

(Drainage area, 1,076 square miles.) 
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a Physical Data ami Statisticsof California. Tables an*! memornndaof data. Collected and compiled by the state engineering department of Csllfomia. William 
Ham. Uail, state engineer. Sacrament<», 1886. Pages 408, 434-442. 
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Artesian wells are found west of the main line of the Soathern Pacific railroad, beginning at distances of 
from 2 to 5 miles from it, the artesian area extending to the low grounds along the San Joaquin river. The general 
location of many of the older of these wells is indicated by the circles upon the accompanying map. The total 
number enumerated upon farms in the census year was 112. These were from 170 to 700 feet in depth, averaging 
326 feet, and having an average discharge of 65 gallons per minute. Very few were used for irrigation. Most of 
them furnished a pure, clear water, employed for domestic purposes, but mainly for cattle. The water from a 
number of the wells contained a notable percentage of earthy salts, and was reputed to possess medicinal qualities. 

The principal irrigation works of this county are those owned by the Crocker-Huffman Land and Water 
Company, taking water from Merced river to irrigate lands on the east side of San Joa<|uin valley, and those of 
the San Joaquin and Kings River Canal and Irrigation Company, taking water from the San Joaquin river in 
Fresno county to cover land on the west side of that stream. Besides these are the East Side canal, west of 
Merced, and a number of smaller canals and ditches owned by individuals and associations. Among these may 
be mentioned the Merced Falls, Murray Mill, Snelling, Scott, and Ruddle ditehes, these being on the north side of 
Merced river, and the Feldhaus and Reed, Hamlin, and the Griffith and Shaver ditches, on the south side of 
Merced river 

The Merced canal, owned by the Crocker-Huifman Land ^Jd Water Company, takes water from the south side . 

of Merced river, about 3 miles below Merced Falls. It is ^iiLmiles lonfe, from 60 to 70 feet wide on bottom and 100 ^'^'^"^ 
feet wide on top, the estimated capacity at the head being 4,000 second-feet. At two points along the line it passes 
through tunnels, one of which, with approaches, is 5,000 feet long, the other 1,650 feet in length. These are 22 
feet wide and 12 feet high. The canal empties into a large reservoir known as Lake Yosemite, situated about 5 miles 
northerly from Merced. The dam forming this reservoir is 4,000 feet long, 275 feet thick at base, and 20 feet thick 
at top, the greatest height being (K) feet. The estimated contc^nts of the reservoir are 20,000 acre-feet. Water by 
means of pipe is conducted to Merced city, the head or pressure being about 90 feet. From the main canal are a 
number of laterals, carrying the water for irrigation to the various colonies and farming lands. The total cost of 
this irrigation system is upward of $2,000,000. It has been constructed to irrigate lands owned by Messrs. 
Crocker, Huftman, and others, these great tracts being subdivided into lots of 20 acres, on each of which it is 
expected a settler or colonist will be able to make a living by raising grapes and other fruits. Land, with water 
right, is sold at from $50 to $150 per acre and upward, subject to an annual charge of $1 per acre for the use of 
the water. 

The main works of the San Joaquin and Kings River Canal and Irrigation Company obtain water from San 
Joaquin river and from Kings river through Fresno sloughy, the head of the main canal being situated in Fresno 
county, about 35 miles westerly from Fresno. The general course of the canal is northwesterly along the west^ru:^..^^ 
shjfi^f the San Joaquin valley across Merced county and into Stanislaus. The total length of the main canal ^s^ 71^ / y 
•^•tps, the width being 30 feet on bottom and 60 feet on top. The total cost of the system has been over $1,500,000. ^ 

e company owns and controls the main canal, the branches and distributaries belonging to other parties. Each 
year water rates are voted by the board bf directors, those for the census year being for alfalfa lands $2.50 per 
acre, for cereals $2, for fruit trees and vineyards $2, and for vegetable gardens $5 per acre. 

Modoc county is in the northeastern corner of the state, adjoining Oregon and Nevada. In the western end 
it consists largely of broad lava covered plateaus, having an altitude of about 5,000 feet. The surface is extremely 
rough and irregular, being broken by mountain masses. In the eastern end is a range known as Warner mountains, 
crossing the county in a northerly and southerly direction, and consisting of great blocks of the earth's crust tilted 
gently to the west, the broken edges rising abruptly from the plains on the oi)posite side. On ea(;h side of this 
range are basins resulting from the tilting of the mountain masses, these being in part occupied by lakes which 
have no visible outlet, their waters escaping by evaporation. The land around these lakes is usually low and 
marshy, and as the lakes fluctuate in height, rising at the time of melting snow and falling during the heat of 
summer, the area increases or diminishes by a large amount. 

On the east side of Warner mountains is Surprise valley, extending along the foot of the steep declivities. 
This is occupied largely by the chain of lakes known, resi>ectively, as Upp^r, Middle, and Ix>wer Alkali lakes. On 
the opposite (western) side of the range, and at the foot of the relatively gentle inclination of the mountains, is 
the north Goose lake, and on the south the marshes of the soutli fork of Pitt river. Goose lake at some former 
time in its history overflowed into the nortli fork of Pitt river, but now this stream obtains its water wholly from 
creeks draining Warner mountains. Flowing southerly, the north fork joins the south fork, which comes from 
the opposite direction, and, uniting, the stream flows westerly for about 40 miles and then turns south through 
Big valley, entering Lassen county. At shoit intervals along its course dams have been placed, diverting the 
waters upon the meadows and grass lauds. 

Owing to the distance of this county from railroads, the principal industry has been stock raising, and 
agricultural operations have been directed mainly toward producing forage plants and cereals for home consumption. 
Little can be raised without irrigation, although an occasional crop of small grains is said to have been successful. 
Irrigation, as practiced, is in its crudest state, each farmer or stock raiser having taken up lands near a spring. 
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creek, or other Btream, from wliich water is diverted iu the cheapest manuer possible. Thus, although the aggregate 
area irrigated is large, the investment and average value of products are small. By far the greater part of the 
lands are irrigated for forage and pasturage, so that the products do not appear in the agricultural returns. The 
irrigated lands are to be found along the foot of Warner mountains, both on the east and west, each small stream 
being utilized when swollen in spring by the melting snows. Also, as previously stated, there are numerous 
localities along Pitt river and its tributaries. 

The country about the south end of Goose lake was examined in August, 1889. At that time the lake surface 
was reported to be about 5 feet below its average or normal low water plane owing to the excessively dry seasons 
during the two or three years preceding. Each winter the lake ordinarily fills nearly to the level of its former outlet 
and during summer recedes by evaporation, losing about 3 feet of wat«r in depth. Taking a series of years, the 
average elevation is probably lower than in the early part of the last decade. Proceeding southerly along the old 
outlet, the ground was found to be for a mile or more at an elevation of 6 feet above the water surface of August 
1889, gradually falling until, at a distance of 6 miles, the ground was found to be practically at the same level as that 
of the water in the lake. A long and relatively shallow cut would thus convert this body of water into a reservoir, 
supplying water for lands along Pitt river. The extent of arable land which can be irrigated from the north fork 
of Pitt river is somewhat limite<l. Canals could be diverted at a point about miles northeasterly from Alturas, 
covering all the good land in that vicinity. Also other canals, taken out on both sides of the river about 5 miles 
west of Alturas, could be constructed to irrigate Warm Spring valley. At a point 6 miles north of Lookout 
canals could be carried out on both sides covering all the good lands, of which there are approximately 70 square 
miles. 

In Surprise valley, along the eastern front of Warner mountains, from Fort Bidwell to Eagleville, are a number 
of flowing wells, ranging in depth from about 50 to 150 feet and over. On the western side of the range no 
successful artesian wells have been reported. At Alturas a well was sunk in 1890 to the depth of 400 feet, but 
failed to obtain flowing water. In the whole county there were reported to be 12 flowing wells upon farms in the 
census year, the depth ranging from 56 to 280 feet, and the average discharge being 50 gallons per minute. 

Mono county lies east of the Sierra Kevailas, between Alpine on the north and Inyo on the south It thus 
includes a narrow strip of country along the eastern face of the mountains, t^)gether with some of the valley 
region near the Nevada line. The i:)rincipal industries are mining, lumbering, and cattle raising, the altitude as a 
rule being too great for most of the agricultural operations. The lands reported as irrigated are valley bottoms 
flooded for the production of hay. This area is iu most resjiects similar to the western part of Nevada, and, like 
the adjoining counties, with the decline of mining operations population and wealth have rapidly diminished. ' In 
the northern end of the county are the head waters of the east and west forks of Walker river, both of these 
streams being of great importance in the development of irrigation in Douglas, Lyon, and Esmeralda counties, 
Nevada. To California, however, their waters have relatively less value, since they are used mainly for irrigating 
conunon grasses. 

Monterey county is one of the southern coast counties, lying west of the southern part of San Joaquin 
valley. It includes the greater part of the Salinas valley, which is formed by tlie Santa Lucia mountains, 
stretching along the coast, and to the east by the nearly parallel Gabilan range, the summits of these latter 
mountains being the boundary of San Benito county. The Salinas river, rising in San Luis Obispo county, flows 
northVesterly botweeii the parallel ranges through abroad valley and emi)ties into Monterey bay, on the southern 
shore of which is the celebratc»d health and pleasure resort of Monterey. In this and the smaller valleys 
agriculture is carried on successfully without irrigation in spite of the fact that the annual rainfall is very small, 
averaging probably from 10 to 15 inches. The small amount of the annual i)recipitation is in i)art com pen sated by 
the relatively moist winds from the ocean. Most of the best agricultural land lias been covered by land grants, 
and is still held in large bodies, used principally for grazing. Irrigation, where practiced, is conducte<l on a small 
scale, the waters of s])rings and rivulets being utilized by individuals having land conveniently situated. On the 
low grounds near the mouth of Salinas river there w'ere reported to be GO flowing wells upon farms in 1890, nnjst of 
these being not far from Castroville. They range in dei)th from GO to 189 fet*t, the average* being 13() feet, and the 
discharge only about 3 gallons per minute. They are reported to fluctuate with the season, many of them ceasing 
to flow in summer and in winter barely discharging at the surface of the ground. At Salinas, about 10 miles from 
the coast, most of the deep wells are pumped by windmills. The watiT generally contains a perceptible amcmnt of 
mineral matter and in a few cases has an oily scum. At Pleyto, in the southern end of the county, there are also 
reported to be flowing wells. 

The canal of the San Bernardo and Salinas Valley Canal and Irrigation (%nni)any takes water from Salinas 
river in the southern ])art of the county not far from the town of Sargent. It is built on the east side of the river 
for a distance of G miles. The average width is 10 feet, and the cost was $25,000. The canal, owned by a 
corporation, was begun in 1884 and first used about 1888. The principal crop irrigated at present is alfalfa. The 
wat^r supply is fairly good, although the river is dry at times, the water sinking in the bed of the stream. 
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Napa county is one of the small counties north of San Francisco and bordering on San Pablo bay. It 
includes a number of broad valleys in which agriculture has been carried on for many years. The chief source 
of wealth is in the vineyards, whose products are known throughout the country. Besides grapes, almost every 
variety of tbe so called deciduous fruits is produced, as well as notable quantities of olives, oranges, and lemons. 
Irrigation is not practiced on a scale sufficiently extensive to require enumeration. There are a few flower gardens 
and small areas cultivated by Italians and Chinese, to which water is applied during droughts, being lifted by 
wheels or pumps. As a rule the vaHey lands need drainage rather than irrigation. 

Nevada county extends from the extreme eastern boundary of the state over the Sierra Nevadas to the 
Sacramento valley. It is from 10 to 20 miles in width and Jibout 70 miles in length. On the eastern side of the 
mountains are streams tributary to Ti-uckee river, the outlet of Lake Tahoe, and one of the most important 
sources of water supply for the state of Nevada. . Comparatively little of the water of this stream is utilized for 
irrigation in California, but it is employed in furnishing water power for mills and for floating logs down to the mill 
ponds. The fluctuations of Truckee river and its tributaries are discussed in the description of Washoe county, 
Nevada, since for the agricultural development of that area it is of the greatest importance. 

West of the summits of the Sierra Nevadas are a number of localities in which water is held in reservoirs to 
supply tlie canals and flumes built for hydraulic mining. This industry has been of first importance, but owing 
to the unfavorable legislation it has almost gone out of existence. The ditches built for hydraulic work are utilized 
to a large extent by the mills, and water is also sold by the miner's inch to farmers and fruit growers. The prices 
paid have been from 10 to 12.o cents per miner's inch for 10 hours, or from $,S to $0 per acre each season. There is 
considerable complaint on account of the high rates charged for water, it being asserted that under favorable 
ijircumstances the prices should not exceed $2.50 per acre per annum. The orchardists depending upon mining 
companies for water have little security as to the permanence of supply. Should this water be needed for 
mining purposes they are liable to be deprived of it, thus imperiling their trees and vines. The principal ditch 
systems from which water is used for irrigation are the Excelsior, Eureka Lake, Milton, North Bloomfleld, and 
South Yuba. Besides these are many small private ditches depending upon springs or creeks. Water is used 
mainly for fruit trees and alfalfa, the cereals not requiring irrigation throughout the greater part of the area. On 
the west fruits even of a semitropic character are raised to perfection, so that this industry promises to surpass 
mining in value of products. 

Orange county lies along the coast southwesterly from San Bernardino county and south of Los Angeles 
county, from which it was set off in 1880. It includes the lands from the coast range of hills or mountains to 
the Pacific ocean, extending from Coyote creek southwesterly beyond San Juan Capistrano. The coast range 
or Santa Ana mountains, as they are locally knowTi, are relative to the Sierra Madre of little importance as 
furnishing a water supply, since the altitude rarely exceeds 5,000 feet, and the slopes are not as steep. From the 
base of these mountains the ground foils rapidly seawtird, the greater part being less than tJOO feet in elevation. 
Much of this low land is sufficiently moist for agriculture, and on some parts of the plain the C(mditions are 
favorable for flowing wells. 

The Santa Ana river has cut a deep ^ap in th(? coast range, through which its waters escape from the San 
Bernardino valley seaward. This canyon extends in a nearly east and west direction, having a total length of 
less than 10 miles and a width from one-fourth to a mile. At the upper end of the <'anyon the river i^ at an 
elevation of about 420 feet and at the lower end of about 275 feet. The fall within the canyon is thus favorable 
for the diversion of water, rendering it iM)8Sible to take out iiTigating canals cximmanding almost any part of the 
coastal plain. 

Fruit raising is the prin(»ipal industry of the county, the returns from this being usually large. Oranges 
and lemons are raised to some extent, but are relatively of less importance than in San Bernardino and Los Angeles 
counties. Large areas were formerly devoted to vineyards, and great (luantities of grai)es were raised, but in 
1880 and 1890 disease destroyed nearly if not quite all of the vines, resulting in the h)ss of millions of dollars. 
The returns from oranges, from groves of 6 years of age and upward, are rejiorted to be $400 per acre* and upward; 
from English walnuts, from trees 8 years ohl, $300 i)er acre. In many localities the orchards require comparatively 
little, if any, water, especially for walnuts and deciduous fruits. The orange groves, being usually on a dryer soil, 
are watered every 30 or 40 days during the interval from April to October. 

The field crops, such as barley, corn, and other cereals, are irrigated to a small extent. Many of the lands 
when in a natural state are not sufficiently moist for these crops, but they can be made productive by a single 
watering during the winter, if the ground is thoroughly soaked. An important crop in parts of this county is the 
peanut, the acreage being of considerable extent. Spring crops rarely require irrigation, and these when gathered 
Ciirly in the season are followed by a second crop, which, however, may reciuire water. For example, barley sown 
in the latter part of Decfcmber is harvested early in May, and the ground is planted at once to potatoes, corn, or 
])umpkins. Lands in the county without water are quoted at values from $25 to $100 per acre and upward, 
dei)ending upon the moisture of the soil, while those under ditch were worth from $150 up to $500 per acre or 
move, in some instances the annual value of the cro]) being apparently as much if not more than that of the land. 

1(190 IB 5 
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The water supply for the county is obtained from the Santa Ana river at points within its canyon, also from 
its tributary, Santiago creek, and smaller streams coming from the coast range. In addition to the surface 
drainage, considerable water is obtained from underground sources by the development of springs and artesian 
wells, the more important irrigation systems being supplied by the surface drainage. In the canyon of the Santa 
Ana river about halfway of its length the bed rock outcrops in places find apparently forces to the surface the 
water percolating tlnough the gravel and bowlder tilled cliannel. Tlius, although the channel of the river maybe 
dry some miles above and below this locality, yet at this point the river is perennial, the discharge sinking in 
summer to as low as 40 second feet. 

Santiago creek drains a portion of the coast range, having a catchment area of less than 80 square miles. It 
passes out of the range through a narrow gorge, thus afitording a perennial supply to lands below this point, this, 
with the Santa Ana river, being the principal stream of the county. The creeks draining the high grounds to the 
south are intermittent in character, and during the summer season their waters rarely reach the sea. 

In the western end of the county, in the vicinity of Garden Grove and Westminster, are a large number ot 
flowing wells, so many in fact that it is currently stated that every farmer has one. Tbey are little used for 
irrigaticm on account of the moist character of the soil in the vicinity, water sometimes standing within 3 or 4 feet 
of the surface. Their principal value is in furnishing water for domestic use and for gardens. The total number 
of wells reported as being upon the farms of the county was 649, the depth ranging from 26 feet to 450 feet. The 
average depth was 147 feet, the average cost was 8209, and the average discharge was 110 gallons per minute, or 
0.24 second-foot. Unfortunately the tiowing water does not rise to the level of the lands most requiring iiTigation, 
and attempts made at such points have often l)cen unsuccessfuU As in the case of Los Angeles county, many of 
the farmers were prejudiced against the use of artesian water for irrigation, believing that good lands had been 
thus ruined by the development of alkali upon tlie surface following the too lavish application of this water. 

The three principal systems of the county are, tirst, that on the north side of the Santa Ana river irrigating 
lands in the vicinity of Anaheim; second, that on the S(mth side of the river covering lands in the vicinity of 
Orange, Santa Ana, and Tustin, and, third, that receiving water from Santiago creek and irrigating the grounds 
above the canal system just named. The most northern system has been owned for many years by the Anaheim 
Union Water Company, which constructed or bought over 100 miles of open canals and branches, covering 12,000 
acres, of which about 7,000 were usually irrigated. The water was sold by '^ heads" at varying rates, the charge 
during sununer, when the supi)ly was scanty, being greater than hi winter. A '^ head" was considered to be about 
100 miner's inches, an<l the privilege of buying or hiring one of these "heads" was limited to stockholders in the 
company. The summer rate was for the census year 50 cents per hour during the daytime and 25 cents per hour 
at night, while the winter rate was 25 cents per hour for day and 15 cents per hour for night water. 

The Santa Ana Valley Irrigation Company had in the census year probably the^lai'gest and most important 
irri^jation canal in tliisi)art of the state. Water was taken from the south side of the Santa Ana river Ufa poiiit 
' '. V aixmt 12 miles above Orange by a canal, a ])ortion of which was lined and cemented. The canal, following along 
z:^ f^ on the south side of the river in the canyon, passed by means of a tunnel through a spur of the hills and then 
divided, commanding 20,(M)0 acres within the old rancho Santiago de Santa Ana. The maxinmm quantity in the 
canal as measured by the state engineering department was 45 second-feet. The charge for water per 100 miner's 
inches was 20 cents an hour during the daytime and 10 cents an hour at night. In times of scarcity the charges 
were 30 cents an hour during the day and 15 cents an hour at night. The sales of water were made to the holders of 
shares of which there were 20,000, or one for each acre under the ditch. The original cost of a share was from *5 
to $10 and the value during the census year was 820. 

The water from Santiago creek 'was taken by the Serrano and Carpenter Water Ccnnpanies, who joined in 
constructing diverting works, dividing water after it had been taken into one canal. An interesting feature of the 
headworks was the submerged dam which intercepted water percolating through the channel. At the narrowest 
part of the pass, at the outlet of the creek, an excavation was made to bed rock, the open cutting 12 feet wide 
extending across the channel of the creek from wall to wall. This was filled with a puddle wall of clay. The 
eflicieney of this wall in stopping the seepage was shown by the fact that the willows and cottonwoods growing 
along the channel below tins point died, apparently from lack of moisture. Water is distributed by these companies 
mainly by jiipes. The summer supply is probably about 5 or 6 second-feet, or at times even less, and the area 
irrigated was approximately 2,000 acres. 

In this county one successful irrigation district has been formed, covering land in the vicinity of Anaheim. 
The total area is 32,500 acres, and the assessed valuation is stated to be $1,245,742. Bonds to the amount of 
$600,000 have been voted, this being at the rate of $18.46 per acre, and half of these have been sold at 90 per cent 
of par value. This is reputed to be one of the best iiTigation districts in the state as regards its organization and 
finan(.*ial ability. It includes large areas of land which have been under cultivation for years, some ot which set 
out to orchards is worth from $1,000 ti) $2,000 per acre. The unimproved land within the district is probably worth 
upward of $100 per acre. It is proposed to purchase the property of the Anaheim Union Water Company and to 
develop other sources of supply. 
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Placer county is south of Nevada county, and, like it, extends from tlie state line on the east down the 
slopes of the Sierras in a lon^, narrow strip to the Sacramento phiins. On the eastern edge is Lake Tahoe, this 
l)ody of water being partly in the state ot Nevada. The drainage area tributary to this lake is small, and the 
greater part of the precipitation within the county flows westerly into the American, Be<ar, and other rivers. As 
in the case of Nevada county to the north, the cultivati<m of fruit is rapidly becoming a most important industry, 
especially in the foothill region between the mountains and the Sacramento valley. Localities in former years 
celebrated for mineral wealth are again becoming known through the excellence of the fruits cultivated in the 
yicinity. Irrigation is widely employed, although there are still many orchardists who claim that they can raise 
.as good or better fruit without the artificial application of water. It is necessary, however, to cultivate the ground 
thoroughly and keep the surface of the soil well pulverized to prevent excessive evaporation during the long 
summer drought. Most of the cereals are raised without irrigation, and in many localities alfalfa is seldom 
watered. 

The principal irrigation system is that belonging to the Soutji Yuba Water Company. This originally derived 
water from Bear river, but as this stream often became nearly dry during July it was found essential to draw 
upon other rivers. A canal has been constructed by which water is taken from South Yuba river and from 
storage reservoirs in Nevada county to supply the deficiency in Bear river. The total length of the main ditches 
and branches in both. Nevada and Placer counties is stated to be about 380 m^les. There are also 8 im]K)rtant 
storage reservoirs high among the mountains and a number of smaller distributing reservoirs near the localities 
to be served. Water is sold at the rate of 30 cents per miner's incrh a day for 5 months, or at the rate of 12.5 
cents a day for 1 year. This is ecpiivalent to $45 per miner's inch jjer y(*ar. This quantity of water is considered 
to be sufficient for from 4 to acres or even up to 10 acres when used with care. Thus the cost of wati^r may be 
stated to range from $4.50 up to $11.25 per acre per annum. 

Plumas cointy is in the northern i)art of the Sierra Nevada range, being bounded on its eastern edge by 
the watershed of the Great Interior basin. In spite of its mountainous character it contains a number of open 
valleys suitable for agriculture, the principal among these being at altitudes of nearly 5,000 feet and ui)ward. As 
in the adjoining counties, mining and stock raising are the piincipal industries, dairy products assuming 
considerable importance. The lack of facilities of transportation has retarded development to a large extent. The 
rainfall is relatively heavy and the ordinary operations of agriculture are successful without irrigation, wheat, 
barley, oats, and other cereals being raised by ^' dry " farming, but water is applied artificially for the purpose of 
making meadows and increasing the quantity of hay. The area reported as irrigated includes much of this land, 
ui)on which water is turned in the spring and allowed to find its way with little guidance over the fields. In this 
respect this and other counties of northern California may be compared to those of Nevada, in which large 
acreages are irrigated or partially flooded in the cheapest manner possible. From the high nnmntains surrounding 
each valley almost numberless streams issue, ea(*h of the larger of these being diverted from its natural course 
and by means of short ditches forced to cover the lands of one or two ranchers in the valley. 

The water used for irrigation is obtained to a large extent from ditches built by the miners, but besides these 
are the numerous short ditches constructed by the owners of ranches taking out water generally for the use of ont? 
or two persons. The land which is not under ditch but is utilized for pasture is worth from $3 to $5 per acre, 
while the same with water is (luoted at from $20 to $50 per acre. A number of fruit trees have been set out in 
various parts of the county, and many of these are thriving and producing sufficient for local consumption. In 
the southeastern corner of the county and extending southerly into Sierra county is a broad basin known as 
Sierra valley. This is drained by the head waters of Feather river, but in many respects is similar to the valleys 
of the Great Interior basin. Like them it is filled to a de])th of 1,000 feet or more with recent sedimentary 
deposits in which the conditions are favorable for obtaining flowing wells. The first wells were drilled probably 
about 1863 or 1804, but the number was not greatly increased for nearly 20 years. When the fact was fully 
appreciated that flowing wells could be obtained in nearly all parts of the valley many were put down, the result 
being that in some instanc(»s the discharge from old wells ceased and all decreased with more or less rapidity. 
In 1890 there were reported as being on farms in Plumas county 150 of these flowing wells. The depth of these 
ranged from 00 to 1,132 feet, the average depth being 550 feet. The average cost per well was $105 and the 
average discharge 40 gallons per minute. The small average cost is due to the fact that in the Sierra valley at 
least the wells are drilled rapidly through clay, only one length of casing being used, that being placed at the top 
in order to keep out surface water. The clay stays in ])lac(» remarkably well and does not require mechanical 
support. The water is generally warm, sometimes hot. and is used mainly for watering stock, a small amount 
being employed for gardens and for raising vegetables. 

Sacramento county includes a portion of the central part of Sacramento valley east of the river and 
extending to the foothill regions. The greater part of the area is less than 100 feet above sea level, and on the 
western and southwestern sides the lands in their original condition were overflowed and marshy. Extensive 
systems of dikes have been built, rechiiming valuable tracts whose surface, though below water level, is covered 
by a soil of wonderful fertility. Adjoining these are extensive areas at a slightly greater altitude, but kept moist 
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i3y the preseiujc of the ground waters saturating the ?iubsoil or lower hiyers. Still further to the east are the 
higher grounds, also of great fertility, but subje(jt to summer droughts. Irrigation is practiced to a relatively 
8mall extent, since all the cereals are successfully raised ui)on the broad plains, water being employed mainly for 
orchards and vineyards on the higher grounds of th<^ county. In the southwestern prolongation of the county 
lying between Mokelumne and Sacramento rivers are a number of large islands reclaimed by dikes and ujion 
which flooiling can be practiced, if re(]uired. This can hardly be called irrigation in the sense in which the word 
is ordinarily used, and therefore these areas of swamp lands have not been inc^luded among the irrigated farms. 

Water for a large proportion of the irrigated orchards is obtained from wells varying in depth from 10 to 40 
feet. This is pum])ed by means of windmills or by steam or horse ])ower. The wind can usually be depended 
upon from April to August, but in the latter part of the sununer is often light and fickle. In other respe<;ts this 
method of obtaining w^ater is usually preferred by owners of small or<*hards. The cost of the windmills is placed 
at from $75 to $110, of pumps at from $15 to $40, and of wells at about $1 ])er foot in depth or less for the more 
shallow. A large windmill having a wheel of about 14 feet in diameter and driving two (J-inch j)umps will usually 
furnish sufficient water for 5 acres. Various forms of steam pumps are used, dei)ending largely upon the height 
to which water must be raised. In this county there are several deep wells, but it is doubtful whether any of them 
can be classed as artesian. On Tyler island, 30 miles south of the city, is a well 102 feet deep, in which water 
rises to within 6 feet of the surface. Near Arcade, about 8 miles northeasterly fiom Sacramento, a well was diilled 
to the depth of 2,1(J0 feet, at a cost, it is stated, of $30,000, but without success so far as flowing water is concerned. 
Other wells near Sacramento have been drilled nearly 000 feet deep with the same result. West of Sacramento, 
near Davisville and Woodland, in Yolo county, wells have been drilled to depths of 200 feet or more. The water 
in these rises nearly to the surface, and in the case of one at least flows during a i)art of the year. Further to the 
southwest are flowing wells north of Snisun and San Pablo bays. 

Measurements of the amount of water flowing in the streams of this county have been unule by the state 
engineer, as previously noted. The total discharge of Sacramento river at its mouth has been estinmted for the 
period extending from 1870 to 1885, inclusive, as showii on a i)receding page. Computations of the discharge of 
Dry creek were also made by the state engineer, giving its discharge at the base of the foothills, andof Cosumnes 
river, the most northern tributary of San Joaquin river. The following table gives the fluctuations of this streiim, 
the quantities applying to a point within the foothills above Deer and Carson creeks: 
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The most important project in connection with irrigation in this comity is the dam across American river, built 
by the Folsoin Water Power Company at a ])oint a short distance above the penitentiary. This structure is of the 
most substantial character, being built throughout of masonry. It was constructed through coo])eration with the 
state authorities, by which convict labor was utilized. The main portion of the dam is 250 feet in length, and the 
greatest height is about 70 feet on the upstream side and nearly 100 on the downstream face. It is 24= feet in 
width on top and H7 at bottom. All ])arts of the structure have been designed to withstand the floods of the 
American river, these rising to heights of over 30 feet above the crest of the dam. On each side of the river are 
suitable headworks for canals, that on the right-hand or eastern side being coui])letcd. The works on the west 
side will probably not be undertaken for sometime, but the canal on the east, 50 feet widt^ on top, has been built 
to and beyond the penitentiary grounds. Water from this canal will be utilized for power and also for irrigation 
on lands south of American river. Then* an* already small ditches covering a iM)rtion of this area, these being the 
])roperty of the !Natoma Water Company or of indivi<luals. 

8an Benito county lies southeasterly from San Francisco, comprising a portion of the long, narrow valleys 
between the two nearly parallel ranges west of Frc^sno and Merced counties. To the north is Santa ( 'lara county, 
which extends also between mountain ranges to the bay of San P^rancisco. The greater i)art of the streams unite 
to form San Benito river, which, instead of continuing northerly through Santa Clara county, when near the 
northern county line turns abru])tly and flows westerly into the bay of Monterey. The greater ])art of the surface 
of the county is undulating or mountainous, and the area of agricultural land is relatively small. The grazing 
upon the hill slopes is good and stock raising is an im])ortant industry, es])ccially in the southern end of the 
«ounty. Fruit raising is also protitably carried <»n, especially in the vicinity of San Juan, 11 ol lister, and other 
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towns. Irrifj^ation is little practiced, since nearly all products are successful without the artificial application of 
water. Along San Benitii river, howev^er, and other streaius a number of small irrigating ditches have been dug, 
tliese being usually from 1 to 2 miles in length. Water from artesian wells is also used to a small extent for fruit 
trees arul alfalfa. 

In the northern end of the county on the lower lands area number of flowing wells, there being in all 117 
enumerated upon farms in 1890. In depth these range from 29 to ;J29 feet, the average dei)th being 111 feet and 
the average cost $188. The artesian area appears to extend along San Felipe valley, wells being found upon both 
sides of the river, those on the north being in Santa Clara county. The quantity of water delivered by these wells 
fluctuates with the season, the flow being usually greater during a wet year. Only a small proportionof the water 
is used for alfalfa, fruits, and vegetables, the remainder flowing to wiiste. 

San Bernardino county is in scmthern California, being separated from Mexico by San Diego county only. 
It extends from the Colora<lo river and the state line of Nevada on the east westward nearly to the Pacific 
ocean, at least at its southwestern corner. By far the greater part of the county is upon the Colorado or Mohave 
desert, the southwestern prolongation extending over the lofty mountains down into the valleys drained by the 
Santa Ana and other streams flowing to the sea. It is in this relatively small i)ortion of the county that are 
concentrated nearly all the population and wealth of this the largest i)olitical division of the state. 

This county contains some of the best examples of irrigation development to be found in the whole country. 
Although dealing with comjiaratively small quantities of water, these systems are notable for the elaboration of 
details and the care and expense lavished in saving and utilizing the water resour(!es. There are to be found in 
the southwestern part of the c<mnty storage reservoirs, carefully built ditches, many of them paved and cemented, 
tunnels, flumes, pipes of cement, iron, and steel, many devices for measuring, dividing, and distributing the water; 
in short, examples of nearly every type of irrigation works, from the most crude to th(» latest imx)rovements. In 
the point of cost and thoroughness of construction these works can best be compared with those built for municipal 
supply, some of the systems, though used for irrigation, being of the nature of city waterworks, bringing water 
under pressure both t^o the houses and to the orcliards. 

The high state of development of irrigation in San Bernardino and adjoining counties is due to the peculiarly 
favorable topography and the existence of physical features, duplicates of which can hardly be found in any other 
part of the United States. Two remarkably high and precipitous mountain ranges enter the southwestern part of 
the county from directions nearly at right angles to each other, and apparently culminate in the peaks northeasterly 
of the city of San Bernardino. The ttrst of these, the Sierra Madre range, or San Bernardino mountains, has a 
general east and west trend through Los Angeles and Ventura counties, while coming ui) from the south are the 
San Jacinto and other mountains, trending in general parallel to the coast. The San Bernardino mountains have 
a height of from 6,()0(> to 7,000 feet, a few of the peaks rising to 9,000, 10,000, or even 11,000 feet and over in altitude. 
To the north and east of these stretches out the broad plain, broken by short ranges of mountains, among which 
the channel of the Mohave river meanders: The precipitation both of rain and snow upon these steep and lofty 
peaks is very great, giving rise to streams which flow down with rapid descent to the plains below. P^ach of these 
streams has cut for itself deep, narrow gashes, or canyons, in the mountain side, and the debris, consisting of sand^ 
gravel, and bowlders, has been ]>iled in great masses at the points where the streams enter upon the lower plains. 
A great part of the water, especially during the summer, disa[)pears into these pervious deposits, to come to the 
surface again in springs, or (ienegas, at lower points. These cienagas are found sometimes on or near the mesas 
bordering the valley or on the bottom lands, but wherever they occur they are of very great value, lauds upon: 
which they are situated being purchased at enonnous cost. 

Among the high peaks are open valleys, several of which have a topography favorable for the construction of 
reservoirs, in which can be held the water from rain and melting snows. The waters thus held can be discharged 
into the stream channels and to a large extent recovered at points of diversicm below. Much of the water which 
sinks into the gravel or bowlder channels of the streams can be or has been broughtoutby means of tunnels driven 
into the steeply sloping beds until solid rock is rea<*hed, the percolating waters being intercepted in this manner. 

The water thus obtained from the surface streams, from storage reservoirs, tunnels, si)rings, and artesian wells- 
is conducted by open channels, flumes, and pii)es to the rich mesa and valley lands, the systems of distribution 
being in the aggregate* exceedingly complicated, sometimes crossing and recrossing, water from one side of the 
valley being brought to the other and lands in the vicinity of one source of supi)ly being covered by water from a 
distant locality. This is the result that might be c^xpected from the gradual evolution of crude methods of irrigation 
and the growth without plan or system, adding a piece here, reconstructing there, and compromising quarrels or 
difficulties in the manner that at the time seemed best or easiest. All of these facts, as well as the physical features, 
have been so graphically described by the state engineer (a) and shown in such detail on the irrigation sheets, 
prepared by him that it seems unnecessary to enter further into them, (b) 

a Irrigation in Southom California, by TV^llliaui Hniii. Hall. C. R. 

/>Tlio county and its irrigation works have aUo been doHfribed by F. C. Finkle, C. E., in the Kugin«ering N«*ws. Irrigation and Irrigation Districto in San 
irdfno County. California. Engineering Nowh and American Kailway Journal, New York, 1891, volume 26. pages 2 75. 7«, 171, 172. 182. 183. 
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By bringing water upon the mesas or benches wliich lie along the fix^t of the mountains large areas of this 
fertile land have become of extraordinary value, advancing from a few dollars to several hundred per acre, the 
expenditr.re for water supply being but a small fraction of its present worth. The soil on these mesas varies 
greatly, but nuich of it is well adapted to tlie cultivation of (jitrus fruits, to which also tlie climate and other 
influences are peculiarly favorable. Many thousand orange and lemon trees have been cultivated with success, as 
well SIS olives, gra])es, and the so-called deciduous fruits. Under favorable circumstances the product per acre 
has been marvelous, reaching $1,0(M) or more. Such profits, both in the increase of land values and in the annual 
productions, justify extraordinary exjienditures in the <"ons(*rvation of water even to an extent far greater than 
now practiced. Progress is being made in this direction not only by the water companies but also b}' the 
formation of irrigation districts, which either develop their own sounte of supply or purchase a stated quantity 
of water from companies already formed. 

In order to increase the eiUciency of the supply and to prevent loss of water in distribution many of tlie ditch 
owners have made decided improvements in the methods of cx)nducting and distributing the water. The old oi)en 
channels have in many cases been lined with cement or replaced in part by pipes of iron, steel, earthenware, or 
wood, and every precaution has lM*en tak(»n to prevent waste, thus tending to raise the water duty to an amount 
higher than that obtained in other i)arts of the arid region. As a rule it may be said that water is too valuable to 
be used upon any but the higher class of fruits and vegetables. Nearly all of the cereals are gi'own upon the lands 
of the San Bernardino valley and along the Santa Ana river without irrigation, the average production being 

relativelv small. 

There is as great diversity in the methods of* distributing water as in its ownership. Under perhax)S the best 
system water is pii>ed, under i>ressure, to ea<*-h small tract and can be drawn from a hydrant at the pleasure of the 
irrigator, he paying a certain rate per year. In this way probably the greatest economy of water and time is 
insured, for the right quantity can be applied to the gnmnd at the [)roper moment. Under other systems the 
owner of a share in a ditch or pijie line receives the whole flow for so many hours or minutes, depending ui)on his 
proportion to the total ownership. In this case ho must be ready at any time, day or night, to apply the water to 
the ground, or else lose his turn. To obviate the in(»onvenience and loss, as, for instance, at night, working by the 
light of a lantern, neighboring irrigators sometimes make arrangements to ^' poor' together and rearrange the time 
to suit themselves, or if a man can afford it he constructs a small reservoir to hold his share of the water until 
needed. lender still other systems the irrigator receives a constant small stream of water day and night, and this 
to be advantageously used must be received in cement tanks or r(»servoirs until suflicient has accumulated to How 
Readily ov(*r the dry gi*ound. Many of the water compafnies, irrigation districts, or associations of land owners own 
stock or have partnershii) arrangements with other corporations, so that the business relations, as well as the 
irrigation works, are somewhat complicated and can not be made plain in a brief description. These purchases of 
stock and interrelations have grown up from compromises made in s<»ttlement of disputes, which in some cases 
have cost more than the construction of the works themselves. 

The <iuantities of water handled by the different companies in this county are small relative to those ciuried 
by the great ditches of other parts of the state, as, for exami)le, those of Kern county. There have been but 
few measurements made of streams in this county, but these will serve to show the size of the principal ones. 
The following table of the mean daily discharge of the Santa Ana riv(T is taken from the report of the state 
engineer (ci), the quantities being converted into second-feet. It should be noted fhat the discharge in thes4^. years 
was regarded as exce])tionally small, (b) 
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The miuiimun discharges occur in August or September and tbe maximum discbarges in January or February. 

In San Bernardino county in 181)0 tbere were enumerated as being on farms 301 artesian wells, ranging from 
65 to 700 feet in depth, and having an average discharge of 283 gallons per minute. The water of many of the 
larger of these wells is piped to the various towns, giving them an ample supply of clear, pure water. A few of 
the wells are used for purposes of irrigation, an average of 20 a^res being watered to each well thus employed. A 
large number of wells have been ])ut down by land companies in order to ascertain the extent and amount of the 
artesian supply, and the resources of the ccmnty in this direction are quite well explored. A few of the farmers 
complain that these large wells, which have been allowed to flow freely for months or years, havi* resulted in the 
drying up of the shallow wells near the edge of the basin. 

The following list, prepared in 1H90, gives the names of the principal irrigating systems, together with tlie 
total area which it was estimated could be irrigated by each at that time: 



Ai'RKS. 

Total 144,750 



ACKLH. 

Mill creek 5,000 

North Riverside canal 10. 000 

Riverside 10,000 Vivienda pipe line 5.000 

Gage canal 15,000 | Riu con ditch 4,000 

South Riverside 6,000 | Chino pipeline L>,500 

Toinona 12,000 ! City creek 500 

< )ntario 5, 000 i Twin creeks 3. 000 

Etiwanda - 3,200 Banning 4,800 

Cucamonga 10, 000 

Lytle creek 15,000 

North Fork ditch 4.000 Glen Ellen 2.000 

South Fork ditch 4. 000 Meeks and Daly ditch 4. 250 



Colton Terrace 1, 500 

Bear Valley reservoir 18. (KX) 



The list given above comprises only the more im])ortant systems of water supply, there being others in 
operation or under construction which might properly be mentioned. In attempting to describe even in a brief 
way the irrigation works of San Bernardino ccmnty a compiler is presented with such a mass of facts and statistics 
that it seems impossible in the space alloted to do justice to the various syst-ems. An attempt is made, however, 
to describe some of the more novel features, especially in connec^tion with the utilization of storage reservoirs and 
artesian wells. These matters are taken up in a general geographic or<ler, beginning with the works of the Bear 
Valley Company, on the head waters of Santa Ana river. On the south side of this river the principal works 
mentioned are the Gage, Kiverside, and South Riverside canals, and on the north or left hand bank the North 
Riverside find Jurupa. Brief mention is also made of some of the irrigating systems receiving water from the 
canyons on the north side of the valley, namely, the Rialto, Semi-Tropic, and Etiwonda, and of the Arrowhead 
storage scheme, whose reservoirs, high in the mountains, will probably supply water to this part of the county. 

The irrigation system most widely known is that of the Bear Valley Company, taking its name from that of 
its reservoir, located in the high mountains northeast of San Bernardino. This company has not only constructed 
one of the largest reservoirs in the country but has other projects for saving water and for distributing it widely 
over the country to the south and west. It appears that the principal part of the business of this company 
consists not in selling water to individual consumers but in disposing of it in large quantities to other water 
companies or to irrigation districts, who in turn ap'>ortion the water to the consumers. The water is obtained by 
the com])any not only by storage in Bear Valley reservoir but also to some extent from the flow of surface streams 
and from tunnels and wells. Efforts are being c<mstantly made to increase these sources in number and in 
availability, the works being extended from time to time. 

The Bear Valley reservoir has been formed by placing a dam across the outlet of a high mountain valley about 
20 miles northeasterly from the city of San Bernardino. This valley is described by the state engineer as being a 
remarkably large and flat mountain basin lying at an altitude of from 6,200 to 6,300 feet above the sea. Out of its 
western extremity is a deep gorge cutting southerly, allowing the waters from this valley to flow into Santa Ana 
river. The bottom of the valley is about 12 nnles long and from an eighth of a mile to a mile in width. A dam 120 
feet high would create here a pond ov(;r 11 miles long, submerging a little less than 8,000 iicro*. The catchment 
area tributary to this valley is less than 45 miles in extent, and for the most part is steep and heavily timbered. The 
precipitation is very large, owing to the ])eculiar topograi)hy. The dam built by the Bear Valley Company is 
remarkable, from the fact that it consists of a stone wall, curving up stream, and held from being overturned by 
the water above it by the arched form. Its extreme height is 64 feet, length at top 300 feet, thickness at top 3 
feet, and at 48 feet below the top only 8.5 feet. In spite of many predictions to the contrary this dam has stood, 
but in order to increase the storage capacity and for other reasons the company has decided to construct a new 
masonry dam below the first, and one which does not depend upon the ])nnciple of the arch to hold its i)lace. The 
areas and capacity of the reservoir at different elevations are shown by the table on the following page, (a) 



a Irrigation in Southern California. AVilliuni Hani. Hal). pag»^ 182. 
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The dam cost upward of .i<75,00iK a sum largely in excess of what it would have cost had it not been for the 
great difficulties of transportation between this point and the lower valleys. I^'iom tlie reservoir the waters tlow 
down Bear creek to the Santa Ana river and are diverted by ditches owned by the Bear Valley Company acting 
in co-operation with other companies. These ditches carry the water out on the north and south sides of the river 
and in turn deliver it to irrigators' ditcdies and to pipe* lines owned by the various water companies or irrigation 
districrts. In the case of the Alessandro and certain other districts the company agrees to deliver a supply of 
water sufthiient for the irrigation of all lands, this being estimated to be at the rate of 1 miner's inch to each 4 
acres, or 1 second-foot to 200 acres, a water right larger than possessed by many irrigators. Each certiftcate issue<l 
entitles the owner to 1 acre-foot of water per year uixm the i)aynient of $l.;iOon the 1st of April, and J?1.39 on the 
1st of October of e;ich year, the water being delivered in general at the times and in the quantities desired by the 
user. The reservoir company issues two classes of water certificates, known r(»spectively as A and I^ Of class 
A, there were issued on June 1, 1886, 7,200 certiii«'ates on the basis of I miner's inch to 7 acres. The water called 
for by these must be used for irrigating lands in Uedlands, Lugouia, Mound City, Highlands, and vicinity. The 
certificates of class B, mention(^d above, have been sold in part to the Perris, Alessandro, and other irrigati<m 
districts. 

The i)roi>erty of the Bear Valley Company c«msists, besides the reservoir, of a half interest in the Ncu'th Fork 
canal, the canal on the south side of the river, the pipe line to the Crafton reservoir, the pipe line to the Alessandro 
and Perris districts, and other lines and distributing systems. The pii)e line to the Alessandro tract after passing 
by a tunnel through the San Timoteo liills has a fall of about 300 feet, furnishing a water power of great value. 

The irrigating system of the (iage canal is remarkable in many ways, and not the least of these is the method 
of obtaining water. The greater part of the supply is had from 51 artesian Avells, whose aggregate discharge was 
found to be 1,793.45 miner's inches, or, at 50 inches to the second-foot, 35.87 second-feet. In addition, water is 
obtained from the Santa Ana river, so that the canal company has a minimum supply in all of something over 42 
second-feet. The artesian area extends along the Santa Ana river, embracing a considerable tract of laud located 
at from 2 to 3 miles s«)utheasterly from San Bernardino. The wells are widely distributed, but in general extend 
for a distance of 3 miles along the upper part of the < anal and in the river bottom. 
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The figures given in the preceiling tabk» were ohtained fi-oni the engineer of the company, who states that 
measurements of discharge were taken at the end of the irrigating season while all the wells were open and after 
they had been flowing freely during the summer. The pVessure in feet was taken of each well while it was closed. 
Tlie accomi)anying illustration gives a near view of one of these wells and shows tlie method of measuring the 
discharge. At the left the water is seen flowing over the top of the pipe and falling into a small wooden 
compartment. From this it passes through a screen made of wooden slats into the second compartment, the 
object of the screen or partition being to break and difl'use the motion of the water. On the far side of the second 
compartment is an opening, the edge of which is covered by a metal plate accurately placed so as to form a weir. 
At (me side is a small chamber, and in this is placed the hook gauge for measuring the height of water. 

All the wells are put down by means of a sand pumj), which works inside of a double thick iron casing, this 
casing being forced down by means of hydraulic jacks. The sand i)ump consists of a tube with a valve at the 
bottom so arranged that sand and small gravel can enter freely. VVh(Mi the sand pump is lifted the valve closes 
and the sand and gravel arc brought to the surface. As the material is thus excavated the casing or lining of the 
well is forced farther and farther down. This lining is made of two thicknesses of sheet iron of No. 10 or 12 gauge 
and consists of secti(ms2 feet in length. The inside and outside lengths are inserted alternately, the joints of au 
(Hitside pair coming opposite the middle of an inside piece and vice versa. Tlie cfising is thus practically 
continuous and after being put in place soon becomes perfectly tight. 

Water from the river is diverted by means of temporary brush and sand dams renewed ea«'h year, the expense 
of so doing being less than the probable interest and cost of maintenance for more pennanent works, since the 
channel of the stream is composed of shifting sands and of other unstable material. The flood discharge at times 
reaches 2,000 second-feet or over, this quantity (piickly iliminishing to medium or low stages, at which time all the 
water in the river can, if necessary, be diverted into the canal by ([uickly throwing up a small embankment of 
sand. The total length of the canal is a little over 20 mile^, and throughout the greater part of the line it has 
been excavated, generally in clay, to a depth of 4 fei^t; and on a gra<le of from 2 to .S feet per mile. Work was 
begun in 1885, and construction was i>ractica]ly completed in 1888. Since that time, however, many improvements 
and alterations have been made. 

For the greater part of its length the canal is lined with masonry, which in all tunnels and Alls is .5 inches 
thick, this being covered with cement mortar. The renniining portions are lined with cement plaster having a 
thickness of three-fourths of an inch. The aggregate length of the tunnels is very nearly one mile, and of the 
flumes three-fourths of a mile. 

From the canal water is distributed by means of pipes located at convenient inti^-vals. Water is lulmitted to 
these by means of metal valves inserted in brick bulkheads. In each of these bulkheads is a small measuring 
weir, so that the amount diverted at each point can be accurately as(»ertained. The steel pipes traverse the 
streets of the towns under the canal and are provided with lateral connections to each lot, water being thus 
carried to a hydrant located at the highest point of 10-acre subdivisions. The water fi-om the hydrants can then be 
ccmducted in small open flumes to the irrigating furrows. The whole distributing system is under control of an 
officer charged with the duty of subdividing the water to the several owners in accordance with the number of 
shares held by each. The duty of the water is stat4i<l to be at the rate of 5 acres to the miner's inch, or 250 acres 
to the second-foot. Each purchaser of land under this system becomes a shareholder in the canal and can 
participate to the extent of his ownership in the management of the comimny. The lamls suj)plied are mainly 
those included in what are known as East Kiverside and Arlington Heights. 

The Itiverside irrigating system, constructed before the .Oage canal, covers lower lands near the river. It 
comprises tw.o canals, in a general way parallel to the (lage, and known respectively as the upper and h)wer, l>oth 
of these taking water from the Santa Ana river. Water is diverted by means of brush dams, which are liable to 
be washed <mt during heavy floods. This comparatively crude method has been followed because the Santa Ana 
river in this portion of its course has a wide sandy channel which shifts and washes out in times of flood. It is 
therefore cheaper to build temimrary (hims than to i)ay the interest on large and elaborate headworks whose 
stability might be questionable. The supply is increased also by waters from Warm creek and from artesian wells. 
At one iK)int on the upi)er canal is a droi) of 40 feet, the water power being used to develop electricity. This 
is conducted a distance of 8 miles to the city of San Bernardino. I'nder these canals are some of the oldest and 
most noted orange groves of southern California, the returns from which have attracted much attention in all 
parts of the Tnited States. The total ('ost of th<^ KMverside canal and distribution system is estimated to have 
been about 8:^75,000. 

The South Riv(Tside system, consisting mainly of [)ipc lines, covers land southwesterly from Riverside. The 
supply is obtained by collecting watcM* from a immber of small canyons in the Temescal mountains, by draining 
cienegas and by sinking artesian wells, in all the quantity being estimated at about 2.*5 second-feet. This, or at 
least the greater ])art of it, is conducted by means of a cement pipe ^0 inches in diameter and about 9 miles in 
length. The water is distributed by means of pii>es of various sizes to the town of South Riverside and to 
adjacent jiroperty. Efforts are being made to in<*rease the amount of water available by means of a dam in the 
Temescal canyon where bed rock approaches the surface. The dam, if constructed t4> the height of 50 or GO feet, 
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will tiocxl an area of several square miles. It is estimated that tlie systeui has cost on an average $40 per acre 
irrigated, while the present value is upward of $100 or even $200 per acre. The statement is made that $1.25 
l)er acre will cover the annual expenditures. The Jurupa canal is on the north side of Santa Ana river northerly 
from Kiverside. It obtains water from Warm creek and the Santa Ana river and from a cienega developed by 
means of a deep cut in whi('h has been phaced a redwood drain. From the cienega the canal is in all 18 miles in 
length, water being carrie<l across the Santa Ana river on a trestle flume. ^ 

The irrigating works of the Semi-Tropic Land and Water Company of llialto are located south of Lytle creek 
canyon and consist of about 5 miles of cement ditch, costing $40,000, and capable of carrying 3,000 miner's inches. 
The artesian wells furnish from about 600 to 800 miner's inches of water and the siu-face developments about 500 
miner's inches additional. The distributing system consists of 55 miles of cement pipe of various dimensions. 
The total cost of the works when completed will be in the neighborhood of $250,000, the water development costing 
about $75,000. It is proposed to increase the water supply and bring the so-called *' underflow " in Lytle creek 
canyon to the surface by means of a submerged dam placed in the canyon. 

The Etiwanda Water Company obtains water from the Day and Young canyons, carrying it out by means of 
a V-sliaped flume which cost probably about $5,000. The flume is made of redwood plank, the sides being 18 
inches wide, and the total length is 4 miles. The waiter flows flrst to a sand box and then to a small reservoir 
about 20 feet scjuare. From this it is distributed to 8 concrete pipes, each of from 6 to 8 inches in diameter. 
These carry the water to the highest portion of each lO-acre lot. To each of these lO-acre pieces 37.5 miner's 
inches for 24 hcmrs is given at intervals of 30 days. The value of the land with water is i)laced at from $150 to 
$200 i)er acre and the annual expense about 81 per acre. (>t the 1,000 acres supplied by this flume about 750 
a(*res are planted with raisin grapes, 100 acres with deciduous fruits, and 150 acres with citrus fruits. The land 
cost the present owners about $25 per acre. Irrigation is practiced generally in »June, July, and August, the 
ground being continually cultivated at short intervals throughout the year. Foi raisin grapes in bearing only two 
irrigations per season have been given, the young vineyards, receiving three or four. The deciduous and citrus 
fruit trees are watered from three to six times. 

The Arrowhead Reservoir Company proposes to construct three reservoirs on the north side of the San 
Bernardino range, ciich of these to be fllled by canals taking water from streams tributary to the Mohave river, 
the principal of these being Deep creek. If constructed according to the x)hins, the reservoir in Little Bear valley 
will hold 22,000,000,000 gallons, that in Grass valley 10,000,000,000 gallons, and that in Huston Flat 0,000,000,000 
gallons. The Hesperia Land ami W^ater Company, whose works are on the north side of San Bernardino range, 
takes water from the Hesperia or east fork of the Mohave river by means of a ditch and pipes, the total cost of the 
system being estimated to have been $150,000. The ditch is abimt 4 miles in length, and for a great part of the 
way was built through the rocky walls bounding the river. From its lower end the pipe line, 14 inches in diameter, 
descends to and across the river and u]) on the opposite side, the pressure at the lowest point being, it is stated, 
over 176 pounds to the square inch. The water is conducted to the vicinity of the town of Hesperia, a station 
on tlie California Southern railroad about one third of the distance from San Bernardino to Barstow. 

In this county 7 irrigation districts have been formed, namely, the Alessandro, Citrus I5elt, East Riverside, 
(irapeland, Olive, llialto, and Riverside Heights. Tlie Alessandro district is outside of the San Bernardino valley 
proper, being separated from it by the San Jacinto hills. It adjoins on the south the Perris district, in San Diego 
county. Water for both of these districts is obtained by purchase from the Bear Valley company, being conducted 
from the Santa Ana river at the point where it leaves the mountains by means of a steel pipe line 10 miles in 
length and 24 inches in diameter. From this main pipe line water will be distributed to each 10 acre lot by means 
of vitrified and cemented pipes. The lands in this district are owned mainly by the Hear Valley Company, who 
sell the lots, together with a water supply, the annual rate for this being $2.78 per acre. The total area of the 
district is 25,500 acres and the assessed valuation $2,403,000. The district is bonded to the extent of $705,000, 
all of the bonds being taken by the Bear Valley ('ompany in consideration of furnishing a water sui)ply. 

The Citrus Belt district, comprising 12,000 acres, is between Etiwanda and liialto. The assessed valuation is 
$()22,722, and bonds to the amcmnt of $800,000 have been voted. It is jiroposed to obtain water from artesian wells 
or from other sourc^es, possibly by purchase from some large st^uage company. The East Riverside district, 
comprising .3,000 acres above the town of Riverside, is to be irrigated by means of artesian wells, the water being 
conveyed to eacth 40-acrc h)t by iron i)ii)es, at an estimatiMl c«)St of $250,000. Bonds to this amount have been voted, 
and of these a portion have been sold for cash. The (Irapeland district is northwest of Rialto and on the west side 
of Lytle creek. Water is to be obtained by means of a tunnel driven beneath tiie bed of Lytle creek and possibly 
from other sources. In order to carry out this woik bonds to tin* amount of $200,000 have been voted, (a) The 
Olive district coin[)riscs a relatively small area, 1,280 acres, on the north side of Santa Ana river west of Colton 
and contiguous to the Citrus Belt and Rialto districts. It is proposed to obtain water from artesian wells, from 
Lytle creek, or i)Ossibly from the Arrowhead system. 



aFor tletAils conccruiuji the EaMt UiversUlf uiid <JraiH;laiHl distrioU n^fvr t«i n'jMirfs of tlir cliiff «*in;iiieor, F. ('. Fiiiklo. Iloports of ofticers of the East 
KivorHlde irri«!ation district. Sun ItcrnnnliQo «<ninty. Califoniia: paiiiphlot, W pajjes. Als<i fhi«*f ciiglucvr'j* rv|M)rt on th*' (irapeland irri^ati«>ii district, 1892; 
pamphli>t, 58 pageH. 
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The Eialto district is southwest of the town of that name and consists of 7,200 acres, whoso assessed valaatiou 
is $534,300. Bonds to the amount of 8500,000 have been voted in order to obtain a water supply, to be derived 
from artesian wells in Lytle creek basin and to be distributed by means of cement ditches and pii>es. Riverside 
Heights district, uicluding 3,500 acres, has been formed for tin* purpose of obtaining a water supply, if posi^ble, 
from Box springs or from artesian wells, or by means of a tunnel to bring out the ground waters. 

San Diego county occupies the extreme* southern end of the state of California, extending from the 
Colorado river on the east to the Paeific ocean on the west. The description of this county given in the report 
ui)on irrigation in scmthern California (a) is so complete that little more need be said. Within the western valleys 
and in places upon the mesas agriculture has b(*cn praxiticed for many years, cro[)S being raisetl by dej^endence upon 
the rainfall. Large areas of small grains are cultivateil in this Jiianncr, the yield per a<;re being somewhat small. 
The orchards and vineyards also in many i)laces are fairly successful without artificial watering, but the most 
profitable of these are under irrigation. The reputation of this county as a fruit producing area rests almost 
entirely upon the irrigated orchards and vineyards, and it is often a mjitt^r of surprise to strangers to find that 
there are large areas upon which fruit is raised every year without moisture artificially applied. Indeed in several 
of the valleys, for instance, that of El Cajon, the inhabitants have regarded it almost as an insult to intimate that 
it was necessary to irrigate the vineyards. Exi)erience has shown, however, that by employing water at suitable 
times the raisin crop can be dtmbled or even trebled, the yield increasing frcnn $50 or $f)0 i)er aere to 8150 or $200 
in value. 

The general appreciation of the value of irrigation, even on lands on whicli crops can be raised by dependence 
ui>on the rainfall, is perhaps best shown by the increase in selling value after a system of water supply has been 
established. Taking the ordinary farming land, whose value averaged 815 per acre, it has been found that the 
average cost of bringing water to this has been $25 per acre, and the cost of cultivation, not including the 
setting out of an orchard or vineyard, 830 per acre, making a total of $70. Such land has sold for from $100 to 
$200 or more per acre. It may be stated here that the attempt to ascertain average values of farm land in this 
and other counties of southern California is rendered difficult by the facit that there are relatively few farms in 
the sense that the word is used in other paits of the ITnited States. A great part of the lands under 
irrigation have been subdiv^ided into small tracts of from 5 to 10 acres, each of these being designed as a place of 
resid(*nce as well as a source of income from horticulture and small farming. Many improvements have been 
made ujwn or near these tra<*ts, and thus the land has ac(|uired a value dependent largely upon what may be 
<;alled its suburban character. The statistics from these small farms thus have a peculiar infiuence upon the 
geneial agricultural results for the state. 

When this land has been set with orchards and vineyards its value is plaeed at from $1,000 to $1,500 or more 
per acre, dependent up<m its loc'aiion, the character of the trees and viiies, and surrounding circumstances. The 
production per acre from some of these tracts almost suri)asses belief. In favorable situations in the county all the 
fruits of the semitropic and temperate zones reach extraordinary development. 

As j)reviously stated, many of these fruits, as, for example, gi'apes, apj)les, olives, peaches, and apricots, are 
often successful without irrigation, and many of the fruit growers still insist that in the (rase of grapes, for 
example, the quality is better although the quantity is less. It has been stated that in raisin making there is less 
contrast than might be expected between the irrigated and nonirrigated vineyards, for although the yield of 
grapes raised by artificial watering is far heavier, yet after drying the difference is not as marked. Wheat and 
barley also, according to some farmers, nmke a better ha> when cultivated without artificial watering, but the 
weight is less. Shadt? trees, suith for example, as the eucalyptus or Australian blue gum, the catalpa, mulberry, 
and acacia, grow well without water, but do not reach the extraordinary development that they do when near 
irrigating ditches. It is almost useless to attemi)t to raise the citrus fruits withcmt plenty of water. The quantity 
actually employed varies greatly, but in a general way it may be 8ai<l that alfalfa receives sufficient wati^r during 
the year in the aggregate to tlood the ground to a de])th of from 2 to 3 feet, while the vineyards and orchards 
receive in all i)erhai)sa fifth or even a tenth of this. 

The (juantity of water necessary to irrigate an acre as estimated by the difl'erent companies ranges from 1 
miner's inch to 5 acres to 1 miner's inch to 20 acres, the miner's inch in this county being defined as a quantity 
equaling 12,900 gallons in 24 hours, or almost exactly 0,02 seiiond foot, this being the amount which has been 
di»livered under a 4-inch head, measured from the center of the opening. Under this assujnption 1 second-foot 
should irrigate from 250 to 1,000 acres. This is on the basis of delivering the water in pijws or cemented channels 
in the immediate vicinity of the trees or vines to be irrigated. If it is assumed that 1 miner's inch is allowed for 
10 acres, or 1 second-foot for 500 acres, this quantity of water fiowing from May to October, inclusive, will cover 
the ground to a depth of a little over seven-tenths of a foot, or 8.8 in(»hes, a quantity which with the care and 
cultivation usually employed has been found to be sufficient. The method of applying water governs to some 
extent the amount used. In the case of alfalfa flooding is practiced; with small grains the water is run in furrows^ 
while in the case of orchards the water is sometimes ai)plied directly to each tree. In this case a little earth basin 



a Irrij^atioii in California, Southern. The HcUl, Mutor supply. an«l wi.rVH, or^sanization and oi>t*ration in San l)iej<:o, San Ht'manlino, and Los An^ieleo counties. 
Tbi' WM'ond part of tlio n^pnrt of tho state t^ugiueer of Caiiforitia ou irri;;£tion and the irrigation ciuestion. Wm. Ham. Hall, C. E., 8tate on;]:in('er. Sa(rara«»nt«>. 1888. 
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about 6 feet or more across and <> inches deep is formed around eac;h tree and partially filled with water. The 
better way, however, is probably that of running water in furrows, four or five of these being plowed between each 
two it)ws of trees. The water is applied very slowly, several <lays being spent in watering 5 acres, and when dry 
the ground is thoroughly cultivated. 

The first cost of water or of water rights wliere these have been sold indeiiendent of the hind has been from j?15 
to $25 per acre, while suV)sequent transfers have been made for far larger sums. The annual charges when by the 
acre have been as low as $.5, and from this rising to $0 or more per acre. In the case of the San Diego Flume 
<3omi>any it is stated that Avater was sold for $000 per miner's inch, with an annual charge or rental of $00, 1 
miner's inch being considered sufficient for from 10 to 20 acres, depending upon the soil and growth. The annual 
i»harge for water from the Sweetwater sj-stem (San Diego Land and Town Comi)any) was for orchards $3.50 per acre. 

The chief water supply for the western i)art of San Diego county is derived from the Tia Juana. Otay, 
Sweetwater, San Diego, San Dieguito, San Luis Key, Santa Mnrgarita, and San Jacinto rivers. Systematic 
nieasurements of the discharge of these streams have not been carried on for any considerable length of time, 
but the state engineer estimated that the Sweetwater discharged at its maximum 1,000 second -feet, dwindling in dry 
weather almost or quite to nothing. The San Diego may reach 1,000 second-feet or even 2,000 second-feet for a few 
days, quickly falhng to less than 100 se(;ond-feet. The San Luis Key, with its relatively large and high watershed, 
pix)bably delivers the largest (luantity'of water and with fiuctuations somewhat less than the other streams. 
The Santa Margarita or Temecula possibly reached 5,000 second-feet in the great fiood of 1884-1885, while its 
ordinary winter fiow is from 000 to 800 second-feet, dropping to from 2 to 4 second feet in the dryest season. The 
San Jacinto reaches a maximum of from 2,000 to 4,000 second-feet in winter and probably flows never less than 
from to S second-feet through its rocky channel. 

Along the San Diego, Santa Margarita, San Jacinto, and a few other streams are a few open ditches comparable 
to those used in other parts of the arid region, but these are old and may be considered exceptional to the general 
methods of irrigation. The imi)ortant systems of the county are those in wiiich water is conducted by flumes or 
pipes, dependen(ie being placed upon reservoirs for permanence of supply. The best known of these is that 
constructed by the San Diego Land and Town ('ompany, commonly known as the Sweetwater system, from the 
reservoir and dam of that name. This is located about 8 miles easterly from San Diego. It has been fully described 
by the state engineer, so that at this time it is essential to give only a tew figures to serve for comparison with other 
l)rojects. As published by the company the i)rincipal dimensions are as follows: length at base, 70 feet; length at 
top, 390 feet ; thickness at base, 40 feet ; thickness at top, 12 feet. The dam is built of granite and Portland cement. 
It was commenced in November, 1880, and completed in April, 1888, at a cost in round numbers of $200,000. The 
reservoir covers about 700 acres and has a (;apa<tity of 0,000,000,000 gallons. The area and capacity at various 
levels are shown by the following table: 
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Tlie San Diego Flume Company's enterprise is another notable feature of irrigation in this county. The system 
embraces a number of projects and is by no means fully complete in all its parts. The main reservoir now 
(joiistnicted is that known as the Cuyannu'a, about 4.S miles northeast of San Diego in the Cuyamaca mountains, 
and at an altitude of 4,5(K) feet above sea level. The reconl of rainfall for that locality begins July 1, 1887, and is as 
follows: (rO 

IXCHEj*. 

1SS7-1S8S 22.00 

1888-l«8i» 52. «5 

18S9-1890 6L51 



■a The following; im the rooonl niDoe IxiHt. 

LNCHES. 

1890-1891 63. 76 

a8OT-l«>2 :i9.61 
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Tliuiv lias been ample water to fill the reservoir each year. The (bun is of earth and is d'So feet long on top 
and 40 feet in height. The capacity of the reservoir is a little over one-half that of the Sweetwater, its contents 
at various heights being shown by the following table, also from the state engineer's report: 

CAPACITY OF CUYAMACA RESERVOJli AT DIFFERENT. LEVELS. 

HEIOHT8. (rnllonM. Ciibic feet. 

"i 
5 fwit aliove outlet 0.11 15.060 

! 10 feet above outlol 5,000.000.04 I 675,005 

I 15 feet above outlet 126,000,000.54 16, 917, -100 

20 feet above outlet 523,000,000.15 \ 69,940,300 

25 feet above outlet 1. 262, 000, 000. 10 ! 16«. 730, 200 

! .{0 fe4;t above outlet ^. 2. :J42, 000, 000. 28 3i:], 139, 300 

35 feet abt»ve outlet 3.739.000.000.11 499, 880. 9:Ui 

The water of the San Diego river supplies the flume until April or May, when the reservoir is drawn ui)on. 
The water from this flows down Bowlder creek for about 12 miles, and, as in the case of the river, water is diverted 
into the flume by a masonry dam 30 feet high and 450 feet long. The flume itself is G feet wide by 4 feet deep, 
built oi redw«K)d plank, and has a total length of 35.9 miles, with a grade of 4.75 feet i>er mile. There are 8 tunnels 
on the line, with an aggregate length of 4,168 feet, and at several points the flume passes over high trestles. 
Water is delivered at points along the line, for example, in El Cajon valley, and from the lower end of the flume, 
which terminates a mile east of La Mesa colony, is a pipe line 8 miles in length carrying the water to the city 
limits of San Diego. The cost of the Cuyamaca reservoir is estimated to have been nearly j?50,(MK), of the flume 
upward of $800,000, and ot the entire system $1,500,000. 

There are several other projects of great magnitude and in various stages of construction or operation, some of 
these being under the control of companies and others of the irrigation districts. Among these should be 
mentioned the works of the San Jacinto Land, Flume, and Irrigation Company, the Hemet Water Company, 
the Fairview Land and Water Company, in the San Ja<5into valley, and others elsewhere, each deserving more 
than casual mention. All of these large systems involve the storage of water and its distribution through pix)es 
or tight conduits. Surveys have been made for a number of other schemes, but progress has been slow on account 
of the enormous expenditures involved. On the side of the mountains toward the desert, in the lower valleys, are 
several opi)ortunities for the development of irrigation, some of which have already been used, as in the case of^^ 
Palm valley. These localities are perhaps unrivaled for the early production of fruits. 

In the northern end of the county, in the San Jacinto valley, and also on the east of the mountains, are a number 
of jirtesian wells, some of these being utilized in irrigation. Besides the flowing wells, water is obtained at 
various points in the county from wells pumped by wind power, a few acres near each well being thus brought 
under cultivation. According to the enumeration made in 1800 there were GO flowing wells <m farms, most of these 
being in the vicinity of San Jacinto, about 20 miles southerly from San Bernardino. These are from 108 to 389 
feet in depth and have an average flow of 112 gallons per minute. Many of them decrease in discharge during 
the summer. In the eastern part of San Diego and San Bernardino ccmnties, beyond the mountains, a few 
flowing wells have been reported, notably at Indio and in the Mohave desert, and there is i)robabilitythat in many 
places artesian conditions i)revail; also, north of this great desert area, in Owens valley, near Independence, is a 
small flowing well. Many attempts have been made to obtain water along the route of the Southern Pacific 
railroad, some of these l)eing successful. At Indio and Walters stations, nrar the (»dge of the desert, having 
elevations respectively of 20 feet and 105 feet below sea level, good water has been found at depths of from 75 
to 100 feet below the surface. From Walters to Yuma, a distance of 107 miles, no water suitable for locomotives 
has been obtained. At the station called Flowing Well a hole was drilled to the depth of about 400 feet and an 
artesian flow of brine was obtained. 

There are 8 irrigation districts within the county, known respec^tively as the Elsinore, Escondido, Fallbrook, 
Linda Vista, Murietta, Perris, Jamacha, and San Jacinto and Pleasant Valley. The Elsinore district, including 
the towns of Elsinore and Wildomar, has accomplished little, and it is probable that the district organization has 
been definitely abandoneil. The Escondido district made surveys to determine the feasibility of obtaining water 
from San Luis Hey river and from storage sites among the mountains. It is reported that attempts have been 
made to dissolve the district organization. The Fiillbrook district includes 12,000 acres between Santa Margarita 
and San Luis Key rivers. The assessed valuation is $426,545, and bonds to the amount of $400,000 have been 
voted. Difficulty has been experienced in selling these, and it is stateil that assessments have been levied for 
current expenses. The Linda Vista district consists of 42,000 acres north of San Diego river. The assessed 
valuation of this is only $515,340, but bonds to the amount of $1,000,000 have been voted. Various surveys have 
l>een made in order to deter?nine the most available source of water supply. 

The Perris district ailjoins the Alessaiidro district, as mentioned in the description of San Bermindino county. 
The area of this is 13,422 acres, the assess(Ml valuation $624,054, ami bonds have been voted to the amount of 
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$442,000. Of these $240,000 liave been exchanged tor water supply and $74,000 sold for (*a8h. Water is obtained 
fi^oni the Bear Valley Company, being conducted to the district by means of a wooden pipe, shown in the illustration. 
Considerable dissatisfiiction has been expressed concerning the original projmsitions for supplying water and the 
lines of the district have been changed, excluding owners who objected to certain arrangements. The Jamacha 
district is east of San Diego and north of Sweetwater river, including 22,000 acres of land adapted for fruit culture. 
The assessed valuation is $830,000. Bonds to the amount of $700,000 have been voted, of these $165,000 being 
traded for water. The San Jacinto and Pleasant Valley district, including 18,000 acres in the vicinity of Winchestcn*, 
l)ropo8e8 to obtain water from San Jacinto river, having purchased certain rights from the Florida Water Company. 

San Francisco county is the smallest in the state, and comprises the point of the peninsula upon which 
the city of San Francisco is located. Agriculture can hardly be said to be carried on within the county, but the 
enumerators have found a number of areas under cultivation. These are principally devoted to truck farming, and 
for the most part are watered by means of windmills or other devices for pumping from wells. Most of the 
irrigated areas are owned or operated by Italians and Chinese; who give constant care and atte'iition to the cultivation 
of the ground, raivsing crop after crop in as rapid succession as the conditions will ijermit. 

San Joaquin county is south of Sacramento county, occupying the lower end of the San Joaquin valley, 
partially including the delta at the junction of the wSai*ramento and San Joaquin rivers. A number of large 
' streams coming from Tuolumne, Calaveras, and Amador counties on the east cross this valley land on their way to 
Join the large rivers above mentioned. Taking these in order from the south, the first is Stanislaus river, forming 
the southern boundary of the county. About 20 miles north of this is Calaveras river, and beyond this Mokelumne, 
this latter stream near its mouth forming the dividing line between this and Sacramento county. The broad plains 
between the rivers are devoted mainly to the cultivation of cereals, for the successful production of which there is 
usually ample rainfall. The lower overflowed lands on the west have to a large extent been reclaimed by levees, 
the farms thus made having great value. Horticulture has been of comparatively small imiK)rtance, but the area 
in orchards is being extended as the demand for fruit increases. 

The water supply of the county is large, for besides the rivers above mentioned there are a number of streams 
whose waters flow out from the foothills during the spring and early sunmier. P^xcept in the higher x><irts of the 
county wells can be had at moderate depth, and from these a practicaHy inexhaustible quantity of water is obtained. 
Many windmills are in use, pumping from these wells and irrigating gardens and fruit tiees, e8pe(*ially in the 
vicinity of the towns. Comparatively little water is used for this purpose, since by careful cultivation trees and 
vines flourish at most localities. In the vicinity of Lathrop and Stockton are a number of artesian wells, none, 
however, being reported ux)on farms in the census y(»ar. There are also several deep wells yielding inflammable 
gas, the supply of which is reporte<l to be large and of considerable value for lighting and heating i)ur|>oses. 

The Stanislaus river, on the southern edge of the county, has been measured, as shown further on in the 
description of Stanislaus county, and gaugiugs have also been made of the Calaveras and Mokelumne. The 
observations on the Calaveras river, given below, were made at a i)oint several miles above Bellota, being thus 
near the county line. It is stated that the drainage basin of this stream, not ext(Miding back to the higher 
mountains, does not furnish as constant a flow as does that of the Mokelumne. The following table gives the 
results as computed by the ( 'alifornia state engineering department: 

DlSCHAlKiK IN SKCOND-FEET OF CALAVERAS RIVER AT BELLOTA, CALIFORNIA. 

(l)r;iiiui;ic nna. 4in s<|i'.ar<» iiiilra.) 



YKAUS. January.i ^f^^^'' Marol,. April. Ma>. .1 .m. . .luh. AukmiM. ' ^//J;*'"- (>rtohrr. ^t^^- ^liel:"'' Mean. 



•«8 2i ' 295 267 

nifi 24 10 24(i Ol.T 



187» 22!> 048 l.(»68 i>r, ]iW 

188C 221 , .im 614 4.174 l.47:< 

1881 1.473 2.700 082 ; 982 \W 74 49 i 74 ."44 

1882 :JU 442 1.719 1.719 2,94ft 240 98 147 147 Cu'A 

188a 491 :{9:{ 737 , 982 491 196 ." 74 24 i 49 286 

1884 196 2.4.V> 2,946 2.455 491 491 UUJ ; I 



The Mokelumne river was measured by the California engineers at a point north ot Clements and observati(ms 
of water h<Mght made at abridge about 12 miles above*. From the data thus obtained the estimate contained in the 
table on the following page was prepared. 
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DISCHARGE IN SECOND-FKKT OF MOKELUMNK RIVER AT I.ONE STAR MILL, CALIFORNIA. 

(I)niiiiage area, 657 nquatv iiiih'.t.) 
YEARS. January. ^'^J^^"" Manh. April. M.iy. Junv. .Iul>. Au-iist. '^7;?;;'" : ()rlol>.r. ^^j^r""" ^^e?!"" ^•^^"• 



1879 328 1.198 1.369 3.065 3.247 3,629 5::8 1(W JtJ 19 ri9 465 1.176 

188<) ' 279 j 396 i 644 4.553 5.031 6.054 2.745 365 2l> i 164 98 201 1,721 

1881 , 1.037 3.049 i 1.126 3.195 3.034 1.237 159 !)8 98 , 66 -.07 624 1,160 

1882 591 624 1.971 2.628 4,927 3.285 788 66 59 ' 230 207 207 1.299 

1883 ' 414 328 591 1,971 3.942 2.628 657 263 98 98 132 132 9:;8 

1884 i 164 1,971 3.942 3.942 3,285 2,957 2,628 657 1.^1 }»8 \ 



A number of projects for irrigation works have becMi undertaken at points within this county, and considerable 
sums of money liave been subscribed or invested, but up to the time of the tiiking of the census a comparatively 
small amount of land had been brought under ditch. One company has been formed for the purpose of irrigating 
land near Lodi by means of water from Mokelumne river, this being diverted by means of a dam 280 feet long and 
tiO feet or more iu height. From the dam a canal has been projected 30 feet wide on bottom and having a 
capacity of nearly 000 second-feet. This will conduct water t4) the channel of Bear creek, which is to become a 
portion of the distributing system. Other com])anies liave begun work with the intention of diverting water from 
the Stanislaus river, and it is probable that the area cultivated by the artificial application of water will be greatly 
extended, especially upon the higher lands on the eastern border. 

San Lris Obispo county includes the area between Kern <ounty and the Pacific ocean. It thus consists of 
a portion of the hilly and mountainous country designated as the coast range, together with the intermeiliate valley 
lands. Stock raising ami dairy farming are the princii)al industries, horticulture occupying a relatively small area. 
Irrigation is not practiced, although the water sujiply of the county is large, and in the interior valh^y especially 
water could probably be applied to advantage during the summer months. Within the county there are reported 
to be a number of fiowing wells, these being on the low lands near the mouth of Santa Maria river, and at 
localities where it is not necessary to irrigate. 

San Mateo coi nty includes thei)eninsula south of San Francisco and extends along the coast southerly, the 
total length being about 40 miles. The greater part of the siuface is hilly or even mcmntainous, the highlands 
sheltering the areas along the bay of San Francisco and shutting oflf from the eastern side of the county the fog 
and damp sea breeze. Agriculture is carried on to a small ext^int, mainly in connection with the large estates and 
country homes of citizens of San Francisco. No irrigation is reported, sin<*e the ])recipitation is ample for the 
needs of the crops and fruit trees. 

Santa Barbara county has a moist climate, and irrigation is confined mainly to watering orchards, 
vineyards, and gardens in the vicinity of the towns along the southern coast, espec'ially during the latter part of 
summer. The water supply is small, being derived from the streams flowing from the mountains bordering the 
coast. The greater part of the land is irrigated by means of pumps or engines or by pipe lines laid from some 
spring or mountain stream. North of the Santa Inez mountains, which stretch along the southern coast, are 
several broad valleys in which agriculture is carried on successfully. It is probable that irrigation may be 
introduced to a small extent as development proceeds, as there are a number of streams whose waters can be 
utilized at reasonable expense. 

Santa Clara county is immediately smith of the lower end of San Francisco bay and includes the valley of 
which the bay may be considered as a continuation. The lower lands in the centi^r of the county are protected 
from the ocean winds and fogs by the mountain range on the west, and the water supply is increased by a nearly 
parallel range on the east. Throughout the broad Santa Clara valley and among the adjoining foothills the 
cultivation of fruit is carried on extensively, and the area thus under cultivation is increasing with great rapidity. 
Among the fruits prunes are inobably the most important, and next to thes(» come peaches, apricots, and then the 
vineyards, from which are obtained both raisin and table grapes. Much of the fruit is shipped to market in the 
undried or what is known as gTeen condition, but larger quantities are canned, dried, or otherwise preserved for 
sale and use throughout the year. Irrigation is i)racticed to a relatively small extent. Most of the orchardists 
claim that the nonirrigated fruits are better in flavor than those irrigated, although as a matter of course much 
depends upon the skill in cultivation and in applying the water. Orchards and vineyards in which the trees and 
vines have been i)roperly placed and the soil thoroughly cultivated yield as a rule large returns. The soils of the 
county vary and there are undoubtedly localities in which, owing to the dry, sandy condition of the soil, irrigation 
is absolutely necessary. 

The Santa Clara valley is noted for the large number of flowing wells. In 1890 there were 400 of these 
enumerated as being upou farms, the depth ranging from 59 to 740 feet and averaging 280 feet. The average cost 
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was $555 per well, and the average diwcharjjie of those then flowing was 310 gallons per uiinute. The earliest of 
these were sunk probably about 1855, and at that time all had a strong perennial flow. As the number has 
increased, however, the disciiarge in most eases has diminished, so that now many of the wells only flow during the 
rainy seascm, and in nearly if not quite all the discharge is less during the summer than during the wiuter. The 
flowing wells are mainly on the low lands near the bay, and in many eases the pressure is very slight, only sufficient 
to raise the water a few inches above the level of the ground. In a few instances, however, water has been 
re])orted as rising as high as 20 feet above the surface. 

Most of the artesian wells have been allowed to flow continuously in order to furnish water for stock and other 
purposes, and apparently the h)cal regulations reciuiring that wells be capped or otherwise closed when the water 
is not in actual use have not generally been obeyed. Thus a large proportion of the w^ater has been allowed to run 
to wa«te, decreasing the juessure and injuring the whole basin. In some instances where the wells do not flow, 
isteam and wind power are used to bring the water to the surface. Outside of the known artesian area a immber 
of attem]»ts have be^n made to fiml flowing water, and in one case a well was drilled to the de[)th of 950 feet, but 
without success. The water is generally warm, sometimes warmer than the atmosphere, and is used maiidy for 
watering stock, for which purpose most of the wells were sunk. In many instances, however, strawberries and 
vegetables are irrigated, as well as a small acreage of forage. The small amount available from any one well 
requires great care and economy in its use. It has be(»n the custom to measure the quantity in the wells roughly 
by means of the vertical height to which the water column rises above the open end of the ])ipe. A remarkably 
large well, one having unusual pressure, would be characterized by the spouting of the water to a height of from 
10 to 12 inches above the top of the pipe, this being the elevation of the upper surface of the water. 

Besides the flowing wells northerly from San »Jose there are a number toward the southern part of the county 
iiear (lilroy and at points along the lower part of the valley. Also on each side of San Francisco bay northerly 
from the county are other flowing wells, as, for instance, in San Mateo county near Menlo Park, Redwood, and 
Dther towns. In San Francisco c(mnty also are a number of deep wells, but these, so far sis reported, are x>uinped 
by means of windmills. In most of the wells-on the west side of and near the bay, wat^r rises about to the level 
of the surface, nnd is raised for watering gardens, strawberries, vines, and bushes, and for lawns and domestic 
pui-poses by means of the ordinary windmills. On the east side of the bay north from Santa C'lara county are 
also flowing wells, 34 of these being reported in Alameda county. These in general behavior are similar to those 
al>ove described. 

Santa (*huz count v includes a relatively small area of land lying along the ocean west of Santii Clara 
county. The greater part of the surface is mountainous, and the ju'ccipitaticm is sufficiently hejivy to insure the 
success of farming operations upon the bodies of agricultural land. On the lower grounds near the coast a little 
irrigation is jiracticed, as in adjoining counties, water being ai)i)lied during late summer to the gardens and trees. 
For this purpose there are a few small dit4*hes, and in a number of instances water is pumped from wells or other 
ijources of supi)ly. In the vicinity of Watson ville there are. a number of flowing wells, nminly on the low ground 
within a mile of the coast. In all, 3.S were enumerated as being upon farms in the census year. Some of these 
wells, which formerly discharged all the yeai* round, now flow only at high tide or after the winter rains. The water 
from these wells is use<l to a very small extent for irrigation. 

Shasta county is at the head of the SjicTamento valley, including in its southern end a relatively small 
portion of the valley, together with the mountains which surround it on three sides. There are a number of large 
streams flowing through the county, but most of them are in deep, narrow valleys, rendering the diversion of 
their waters upon the farming lands of the county expensive if not impossible. Irrigation is not necessary for the 
production of the(»ereals and other fl<*ld crops, since the precipitation during the winter is heavy and most of these 
products are nearly ready for harvesting by the time the summer drought begins to be severely felt. In the case 
of vegetables, fruit trees, and vines, irrigation, although not always absolutely necessary, is of very great benettt 
and is practi<*ed whenever possible. For the forage crops, also, artiflcial watering increases the number of cuttings 
an<l the production i>er acre. 

There have been a number of ditches constructed, primarily for mining purposes, as was the case in adjoining 
4'ounties. The owners of som(» of these ditches are selling water t-o irrigators at the rate of 9, 10, or 12 cents j)er 
mincer's inch, while other ditches have been extended and used almost entirely for irrigation. Much of the land 
best a<la))ted to the cultivation of fruit is upon the benches or h)w hills around the sides of the valley an<l above 
the reach of water from the larger streams. Surveys have been made to determine the feasibility of bringing 
water from Pitt river, which flow s westerly across the northern part of the county, by means of a canal through 
flames pass, thus covering the higher fruit lamls of this end of the Sacramento valley. It has been found, 
however, that this pass is too high to be crossed or to be pierced by a tunnel of moderate length. 

In 1889 the reconnaissance and survey mentioned above and in the description of Modoc county was begun in 
the vicinity of Cow creek. This stream was measured on August 12, 18S9, its discharge above its junction with 
Little Cow creek being 13 second feet. This latter stream was <lischarging at that time only 0.3 second-f(M)t. At 
Xhat time there was on fool a project for taking water on the south side of Cow creek, near Millville, carrying it 
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along for 2 or 3 miles, then across the stream by means of a pipe or flume, and southerly 5 or 6 miles to Sacramento 
river. Stillwater creek in the latter part of August, 1880, was carrying at points about 5 miles east of Reading 
about 0.4 second foot, this being an unusually small amount. Clear creek, as measured near its mouth, was 
discharging from 8 to 10 second-feet. Castle creek, in the northern part of the county, was ascertained to have 
a low water discharge of approximately 30 second-feet. The above figures, so far as (jan be ascertained, comprise 
the stream measurements made within this area, and although fragmentary they serve to give some idea as to the 
size of the smaller streams. 

Fall River valley can probably be brought under irrigation almost entirely by means of canals heading near 
Pittville and deriving their supply from Pitt river. In the continuation of the survey mentioned in the 
description of Modoc county it was found that a canal heading in the canyon above P\ill River valley would 
command about 30 square miles of territory. In this part of the county there are a few flowing wells similar to 
those a(;ross the line in Lassen county. 

Sierra county occupies a narrow strip between Nevada and Plumas counties and consists mainly of steep 
mountains and narrow valleys. On the northern side, and partly in Plumas county, is the broad Sierra valley, 
lying at an altitude of a little under 5,000 feet. This, as mentioned in the description of Plumas county, is drained 
to the northwest by the middle fork of Feather river. A number of streams enter this valley from the mountains 
uiK)n all sides, most of these sinking in the pervious gravels near the edge ot the phiin. In spring the flood 
waters are conducted out upon the nearly level lands, irrigating large areas of hay and relatively smaller patches 
of cereals. Muc^h of the grain, however, is sown in the fall and reaches maturity before it can be injured by the 
long summer drought. The irrigating ditches are small, seldom exceeding a mile iu length. As previously 
mentioned, there are a number of flowing wells in the Sierra valley, these ranging from 4"5 to 1,130 feet in depth, 
the average being 458 feet. The quantity of water delivered is small, averaging only 47 gallons per minute. The 
water is allowed to flow out upon the ground, irrigating the grass lands adjiicent tjthe well. Southwesterly from 
the Sierra valley are a number of mining ditches, some water from which is sold to fruit growers at the rate of 
about 12.5 cents per miner's inch for 24 hours, 

Siskiyou county is the central of the three counties in the northern end of California adjoining Oregon. It 
includes on the west a portion of the heavily timbered area of the coast mountains, and from these extends easterly 
to the lava covered plateau of the Great Interior basin. The Klamath river crosses the northwesterly i)art of the 
county, flowing in a narrow, deep valley, aud receiving numerous large tributaries from the south. In the 
southeastern portion of the county is Mount Shasta, from which flow creeks belonging to the drainage system of 
Sacramento river. West and north of Shasta are several large valleys in which agriculture has come to be of 
importance, although still secondary to mining and stock raising. In these valleys, S(;ott, Shasta, Little Shasta, 
and Butte, cereals are raised without irrigjition, although greater success is attained by the artificial application 
of water. The irrigated areas are devoted mainly to the raising of forage crops and to a less extent to orchards. 
Among the fruits raised the apples from Siskiyou county aie i)erhaps the best known. 

The development of mining has been of advantage to agriculture in its eiirlier stages of development, not only 
by furnishing home markets, but also by providing in many instances means of water supply. Some of the old 
ditches built for hydraulic mining have been utilized in irrigation, while in the case of others more or less water 
has been sold at certain seasons of the year. As a rule, however, irrigation is carried on by means of small ditches 
built by the iarmers, eiich mountain stream being utilized, especially those flowing into the valleys in-eviously 
named. Along Klamath river water is raised by bucket wheels, but owing to the difliculties no large canal for 
irrigation purposes has been built. As in adjoining counties, most of the irrigated areas are large and consist of 
lands flooded by the simplest and cheapest methods possible. Taking the c-ounty as a w hole, it may be said that in 
the western end irrigation is not essential, since the small grains can be raised by careful cultivation, good crops 
of wheat being obtained by summer fallowing. The farther east one goes, however, the greater the necessity of 
irrigation and the more eager is the denmnd for water conservation and systematic control. Attempts have been 
made to find flowing water, and there is reported to be a well 700 feet deep in the vicinity of Yreka. 

There are no large irrigation canals in the county, and tlui number of small ditches is so great that an 
enumeration of them has not been undertaken. A few of the typical irrigaticm works may be described briefly. 
The Farmers diteh takes water out on the east side of Scott river 2.5 miles below Callahan. The total length is 
about 10 miles, the width 4 feet, and the cost was ai)i)roximately $3,000. It covers over 1,000 acres in Scott valley. 
Water is taken out for use about 2 miles beh)w the diverting dam, wliich is built of tree trunks, brush, and stone. 
The water is divided by means of flumes 12 feet in length, in which a certain jmrtiou of the water is taken out. 
For oxami)le, if a farmer owns one-eighth of the ditch a division board is placed one-eighth the width of the flume 
and the water entering this narrow^ part is let out at the side. The principal crop irrigated is alfalfa, next in 
importance being the gardens and fruit trees. During April, May, and June the discharge of Scott river is so 
great that relatively but a small portion is utilized, but after July, especially in dry years, all of the water is 
diverted by the dift'erent ditches. 

1690 IK G 
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Solano county is lu the lowest part of the Sacramento valley about midway betweeu San Francisco and the 
city of Sacramento. It is bordered on the south by Snisun bay and connected bodies of water; the southern portion 
of the county as well as the eastern consists largely of swamp or overflowed lands, some of which have been 
reclaimed and form one of the richest farming sections of the state. There is ample moisture for all crops not only 
on these low lands but also among the hills and valley lands in other parts of the county, the annual rainfall 
beiDg relatively large. Irrigation is not practiced, but the attempt is made rather to take away the surplus water. 
In the Vaca valley, lying in the northwestern part of the county, large quantities of fruit are produced, this 
locality being noted for the early ripening of its products. There is a good water supply and irrigation could be 
carried on if deemed essential, but most of the fruit growers state that the fruit is finer without the artificial 
application of wat^r. 

Sonoma county is on the northern coast, lying north of Marin, and including the greater part of the drainage 
basm of Russian river. It is noted for its vineyards and perhaps to a less extent for its fine orchards. For fruit 
culture and general farming the rains furnish sufficient moisture, although in the latter part of summer water 
might often be applied advantageously. Although irrigation in the larger sense of the word is not practiced, yet, 
especially in the vicinity of each large town, there are numbers of small market gardens owned by Italians, who 
employ water freely throughout the dry season. By this means they are enabled to raise vegetables and cause 
them to ripen at almost any time of the year, crop following crop in rapid succession. One or two farmers state 
that they have irrigated small patches of alfalfa, although this plant does well in most localities by dependence 
upon rainfall, especially on the bottom lands. It is necessary to cultivate the lighter soils thoroughly, for as a 
rule little rain falls from May 10 until harvest time. There are no flowing wells reported in the county, but there 
are a number of drilled wells, of from 20 to GO feet in depth, from which water for gardens is pumped by windmills. 

Stanislaus county extends across the San Joaquin valley north of Merced county, to which it is similar in 
many respects. On tiie east side of the valley are irrigation canals from Merced river, Tuolumne river, and other 
streams, and on the west side the extension of the San Joaquin and Kings River canal. The areas irrigated in the 
census year were i)lanted mainly to alfalfa and forage crops, fruit at that time having relatively little importance. 

The principal irrigating canals in operation are the San Joaquin and Kings River canal, just mentioned, on the 
west si<le of the county, the San Joaquin ditch, on the east side, and the Knights Ferry Water Company's ditch. 
A small supply of water is also obtained from flowing wells, a number of which are reported in the vicinity of 
Hills Ferry and Crow Landing. Lands under irrigation are stated to be worth from $60 to $150 and upward, 
while the wheat lands above the ditches are quoted at from $20 to $30 per acre. 

The principal rivers of this area are the San Joaquin, flowing northwesterly through the county, and its 
tributaries, the Stanislaus and Tuolumne, both of these coming from the Sierra Nevadas to the northeast. The 
Stanislaus for a portion of its course forms the northern boundary of the county, while the Tuolumne flows into 
about the center of this area. Measurements of the amount of water in these streams were made by the state 
engineering department, and the discharges computed from November, 1878, to October, 1884. The gaugings on 
the Tuolumne were made near the railroad bridge south of Modesto, the record of heights being kepl^.from 1879 to 
1882, with occasional observations at a later date. The computations of discharge were based on the data thus 
obtained. 

DISCHARGE IN SECOND-FEET OF TUOLUMNE RIVER AT MODESTO, CALIFORNIA. 

(Drainage area, 1.635 square milen.) 



YEAR8. 

1879 

1880 

1881 

1882 

1883 

1884 



January. 

478 
409 
2,884 
620 
6.^4 
410 



Febru- 
ary. 

1,876 
625 

6,755 
573 
490 
490 



March. 

2.797 
832 
2. 879 
2.164 
1,3IU 
6, 540 



April. 

4,456 
7,141 
6.560 
3.543 
3,270 
7.360 



May. June. July. August. ^£!*"" October. 



5.086 
10,371 
7.274 
7, 461 
8 180 
7,360 



7,061 
14,075 
5,225 
8,046 
6,540 
8,180 



1.977 
7.618 
1,996 
2,745 
1.035 
6.540 



183 
1,233 
301 
574 
490 
1.635 



39 
134 
125 
225 
327 
327 



30 
56 
130 
873 
262 
245 



NoreiD- 
ber. 



101 
35 
193 
570 
327 



Deoem- 
bcr. 



903 
1.095 I 
620 I 
327 
327 



Mean. 



2,082 
3,635 
2.894 
2,310 
1,984 



Measurements of the discharge of Toulumne river near Modesto were attempted in December, 1889, by Mr» 
William P. Trowbridge, jr. At that time the rainfall was exeeediugly heavy, producing unusually high floods. 
The results of this work show that the river was about 220 feet wide, had a maximum depth of 18 feet, a6d 
discharged nearly 20,000 second-feet in flood. On January 4, 1890, with a gauge height of 11.4 feet, the river 
discharged 5,873 second feet, and on January 17, 1890, at a gauge height of 8.7 feet, it discharged 4,053 second-feet. 

The Stanislaus was gauged at Oakdale and from a relatively few observations computations of the monthly 
mean discharge were made, the estimates being based upon the probable run-off, the character of the drainage 
basin being known. The results thus obtained are shown in the table on the following page. 
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DISCHARGK IN SECOND-FEET OF STANISLAUS RIVER AT OAKDALE, CALIFORNIA. 

(Drainage area, 1.051 sqaare miles.) 



YEARS. 



1879 
1880 
1881 
1882 
1883 
1884 



January. 

5.J5 
315 
2. 102 
398 
525 
263 



Febru- 
ary. 1 

_i 

1.094 

.''.26 

5, 255 

908 ' 

420 I 

3, 153 i 



March. 

4.523 
630 

2, 102 

4,771 
840 

4,204 



April. 



4, 307 
5,781 
4,729 
3, 782 
2,102 
4,729 



May. 

4.098 
7,251 
5,2.')5 



June. 



4.387 
7,742 
2,733 



5.155 


5,2.55 j 


5.255 


4.204 


4,729 


5.255 



July. 

1.584 
.3.255 
900 
1.892 
l.Oil 
4.204 



A«gu.t ' ^tr ! October, ^^jr" ' ^"^ 



126 
733 
360 
105 
315 
1.051 



21 

74 

140 

la") 

210 
210 



21 
32 
120 
473 
168 
158 



ber. 

74 

21 

150 

368 

210 



ber. 



Mean. 



630 
630 
1,488 
210 
210 



1,858 
2,249 
2,116 
1,86!) 
1,293 



There are in this county two irrigation districts, the Modesto and Turlock, each having its own system of 
canals, but uniting in the construction of the dam across Tuohimne river. This is being built near La Grange at a 
point about one-fourth of a mile below the boundary of Tuolumne county. This dam is curved in form and built of 
rubble masonry and concrete. When completed it will be 320 feet long at crest, over 100 feet high, 90 feet thick 
at base and 20 feet at top. It may be called upon to stand an overflow of more than 100,000 second-feet. The cost 
will probably be upward of $500,000. The Modesto district was formed in 1887, bonds to the amount of $800,000 
being voted in December of that year. The district comprises 80,564 acres along the Tuolumne river in the 
vicinity of Modesto. The main canal furnishing water for this is computed to carry 640 second-feet. After 
following for about 2 miles along the steep bluffs of the river it enters upon the x)lateaus and benches, over which 
the construction is relatively simple with the exception of the crossings of deep ravines. 

The Turlock district was formed in the spring of 1887, including 176,210 acres, a portion of this being in 
Merced county. For the construction of the dam and canal bonds to the amount of $1,200,000 have been voted. 
The canal is computed to have a capacity of 1,500 second-feet. The upper section of this canal was very expensive, 
since it was cut into slate, cemented gravel, and other rocks, and has 3 tunnels. Beyond the rock work much of 
the earth cutting wa« done by hydraulic works, water being obtained from the Hydraulic Mining Company's 
reservoir by means of ditches and flames constructed for the purpose. At the end of the main canal are 5 laterals 
distributing water over the district. Over $800,000 has been expended in construction and buying rights of way. 

Sutter county includes a portion of the low lands of the Sacramento valley lying mainly between the 
Sacramento and Feather rivers. The county m«^ thus be said to consist of a va«t plain only a few feet above the 
average level of the rivers, this plain being broken only by the Marysville buttes, which rise to altitudes of from 
1,800 to 2,100 feet. In the southern part of the county much of the land is annually overflowed, while other portions 
are protected from inundations by an elaborate and expensive system of levees. Irrigation is not practiced, since 
the soil in nearly all portions of the county is more or less saturated with water, remaining fairly moist through 
the droughts of summer. The only instances in which water is applied to the crops are perhaps in the case of the 
Chinese gardeners, who raise water from wells or from the river by means of windmills or what are known as China, 
pumps. There is probably no portion of the county so dry but that good crops can be produced by cultivation.. 
Southwesterly from Marysville about 16 miles is a well 360 feet deep; also at Marysville, in Yuba county, is a^ 
second well 306 feet in depth, neither of these wells flowing. Northwesterly from these, at Norman, in Colusa 
county, a well 1,000 feet in depth is reported as discharging a small quantity o^ water, non^ of this, however, being 
of use in irrigation. 

Tehama county lies across the northern end of the Sacramento valley south of Shasta county. Sacramento 
river flows southerly across this area, receiving from the east a number of streams which rise in the vicinity of 
and south of Lassen peak. On the west side the streams are of less importance, most of them entering the edge of 
the valley only, except during the time of melting snow. On the valley lands cereals are raised without irrigation, 
and many of the farmers state that it is not necessary to apply water even to fruit trees and vines. Irrigation, 
where practiced, depends mainly upon water from the east side streams. Battle, Antelope, Mill, and Deer creeks, 
the latter being especially notable for the number of ditches taken from it. The production of fruit and grapes is 
rapidly becoming the leading industry. Many of the vineyards are seldom irrigated after the first year, but it is 
claimed that better results can bo obtained by a judicious use of water. In the southern end of the county there 
has been formed an irrigation district known as the Kraft district, comprising 13,500 acres, the greater part of this- 
being in Colusa county. 

Trinity county lies west of Shasta and Tehama counties, separating these from Humboldt, which borders oit 
the ocean. It thus lies wholly within the coast range, the surface being mountainous and heavily timbered. Mining: 
is the principal industry, and after this in importance comes stock raising. The agricultural areas are mostly small 
and scattered through the valleys, of which there are only two of notable size. Hay Fork and Trinity. Irrigation, 
though not strictly essential, is practiced for the purpose of increavsing the hay crop and insuring the success of 
fruits, trees, and gardens. There are in the county a large number of ditches built for mining, some of which are- 
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now used in whole or in part for irrigation purposes. These take water mainly from the mountain streams rather than 
from the large rivers like the Trinity. The water supply of the county as a whole is ample, although there are a 
few complfiints from farmers that the miners interfere with their obtaining water necessary for the full development 
of the arable lands. 

Tulare county extends from the summits of the Sierra Nevadas westward across a portion of the San 
Joaquin valley, narrowing in this direction so that its western boundary on the coast range is very short. It 
includes in this western apex Tulare lake and a large part of the moist grounds or marshes surrounding that body 
of water. In the eastern end of the county among the higli Sierras is the Sequoia national park, and on the 
extreme rim is Mount Whitney, the culminating jioint of the range. This mounta^in and other peaks are drained 
by the head waters of King river and Kaweah river, these flowing westerly, and by Kern river, which flows toward 
the south. Besides these streams are many smaller creeks draining the western slopes. All of the streams flow 
through narrow mountain valleys, in which a little irrigation is practiced, mainly for winter feed for the cattle, 
which find an excellent summer range among the mountains. 

Nearly all of the agricultural operations of the county, however, are upon the lower lands in the broad San 
Joaquin valley east of Tulare lake. Here the development, as in the other valley counties, has been very rapid. 
At first great areas of the small grains and alfalfa were irrigated, but of late years the large ranches have been 
cut up into smaller farms or colonies and large areas set with fruit trees and vines, resulting in a rapid increase 
in population and in values. Much of the land is of peculiar composition and texture, receiving water readily and 
transmitting it for long distances, so that it is not necessary to irrigate the land directly, at least in the manner 
usually practiced in other counties, the mei e presence of water standing in a ditch around a 40 or 80 acre lot 
being sufficient. For example, in what is known as Mussel Slough or Lucern, a section of country about 24 miles 
in length and 12 miles in breadth lying between Kings river and the eastern shore of Tulare lake, irrigation is 
almost entirely by seepage. Ditches are run at a distance of from one fourth to one half mile apart, no water being 
applied directly to the surface. The main source of water sui)i)ly for this region is KingV riv^er, from which 5 
large, canaln aie taken, the Peoples, Mussel Slough, Lq^st Chance, Lower Kings, and Uhoads, these having an 
aggregate length of over 110 mileST Besides these are the Settler.4 and Lakeside diti'hes from Cross creek, the 
whole forming a complete network. 

The Kaweah delta is a name sometimes given to tlie region east of Mussel Slough or Lucern. Tiiis area, as 
shown on the accompanying map, has a length of about 30 miles and a breadth of approximately 20 miles. It is 
intersected by the numenms branches of Kaweah river and by the many canals leading from these. On the lower 
lands of this area, as well as in Mussel Slough, are a number of artesian wells, and in places the land is naturally 
so moist that good grain crops can be raised without irrigation on lands remote from canals. On all these lands 
the orchards are irrigated at least once a year, when first set out the water being run along furrows on the surface. 
There has-been some trouble from alkali on these soils, owing to careless irrigation and poor methods of cultivation. 

The water supply of the county comes almost entirely from the high mountains on the east, there being within 
this area several rivers of notable size. The largest of these is Kings river, which touches the northern boundary 
of the county, supplying canals both in Fresno and Tulare counties. South of this is Kaweah river, which flows 
in almost a straight line from Mount Whitney toward Tulare lake. South of this in turn are Tule river, Deer 
creek, and White creek, tiie line of Kern county being near the latter. The state engineering department of 
California carried on measurements of the discharge of these rivers and computed the maximum, minimum, and 
mean quantity delivered during the greater part of the period from 1879 to 1884. 

Kings river, as stated in the report named above, is one of the most important irrigation feeders in the state, 
•/having a high watershed of the best character for plentiful and well delivered supply. Gaugings were made at a 
number of localities between Slate Point, 6 miles above Centervillc, the ])lace where it leaves the mountains, and 
Tulare lake, 65 miles below. These gaugings liave not been in all res])ects satisfactory, but nevertheless are of very 
great value as showing the range in quantity of water discharged. At the railroad bridge S(mth of Kingsburg, 
and below many of the canals, a record of the height of the river has been kept for many years, furnishing partial 
data for the estimation of the quantity of water available, as given in the description of Fresno county, (a) 



a Physical Data and Statistirs of California. |iaiie 400. Tlu' nrrord <»f jiangt* lu'l^jlit kept bv tlit; Sonlhcni I'a»'iHr coniiKiDv at tliif* brid^t^ ueur Kiu;2:sburg ii 
Dhown in graphic form iu the twelfth annual report ol the Tnited States (M-olojiiral Sur\ey. part 2. lSi>l, liri;;ation. i»a;i:e '\\4. 
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MAP Of IRRIOATISC. CANALS IN THE VICINITY OF TULARE, Tl'LAKE COUNTY, CALIFORNIA. 




The Kaweab river draius an area wbolly witliiu this county and funiislies a water supply to lands Houtli of 
those covered by Kings river. The priucipal gaiigings were made by the state engiueering department at the station 
Dear Three Rivers, and from the data tbusobtiiioeil aiiestimateof discharge was made for the entire Ktn^aiu entering 
the valley, including tributaries which join the main stream at points below the gauging station. The following 
table gives the mean monthly dis<-harge in second feet, estimated as above stated, and the figures show graphically 
the character of the fluctuations during 1879 and the greater part of 1880. 1881, and 1882: 

UISCHAROE IN SECONP-FKKT OF KAWEAH RIVKR AT WATCHKMNA HILL, CALIFORNIA. 
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The mean discharges of Tule river, Deer creek, and White creek are shown in the following tables, these 
figures being obtained by computations based upon records of river height more or less fragmentary as well as 
ujion observations and general information obtained from residents in the vicinity: 

DISCHARGE IN SECOND-FEET OF TULE RIVER AT PORTERVILLE, CALIFORNIA. 

(Drainage area, 437 square inileB.) 



TBAR8. 



January. 



1879 57 

1880 ■ 577 

1881 219 

1882 ! 87 

1883 1 «7 

1884 i 262 



Febru- 
ary. 

87 

1.040 

437 

109 

87 

1.748 



March. April. | May. I June. July. | Auguat. ®®£jj™" October. ' ^J^JJ 



61 

1.079 

437 

306 

437 

1..311 



Novem- ; Decera- 



118 
1.289 
874 
660 
636 
874 



105 
1,040 

874 
1.748 

874 
2,185 



350 
721 
437 
660 
874 
3,050 



35 
350 
219 
437 
350 
2,622 



26 

87 

175 

131 

87 

874 



26 
44 
87 
66 
66 
350 



74 
44 
66 
44 

44 
175 



ber. I 

- I 



! Mean. 



140 


271 


1 
104 


87 


219 


548 


57 ; 


66 


412 


66 


66 


365 


^ 1 

1 


66 


306 









DISCHARGE IN SECOND-FEET OF DEER CREEK AT BASE OF FOOTHILLS, CALIFORNIA. 

(Drainago area. 110 square miles.) 



TBABd. 



1879. 
1880. 
1881. 
1882. 
1883. 
1884. 



lary. 


Febru- 
ary. 


March. 


April. 


• 

May. 


June. 


July. 


August. 


1 
Septem- 
ber. 


October. 


Kovem 
ber. 


1 
Decem- 
ber. 


Mean. 


9 


15 


_. . 

8 


28 


20 


- 













1 





29 


55 


14 


132 


, 253 


286 


310 


220 


,->5 


6 















22 


55 


112 


55 


110 


110 


110 


110 


55 





















23 


48 


23 


17 


55 


55 


11 


















n 


17 


6 


16 


17 


17 


88 


55 


44 





U 












11 


11 


17 


22 


5r> 


330 


330 


220 

( 
I 


44 


r»5 




















i 













DISCHARGE IN SECOND-FEET OF WHITE CREEK AT BASE OF FOOTHILLS, CALIFORNIA. 

(Dminage area, 9:) Hquare uiileM.) 



YEARS. 



'January. 



1879 

1880 

1881 i 

1882 j 

1883 • 

1884 ! 



108 
45 
II 
14 
45 



Febru- 
arj'. 

12 
207 
90 
14 
14 
270 



March, i April. 



6 

234 

HO 

45 



72 



270 



2:< 

261 
9U 
45 
45 

180 



May. June. July. August. ^j\'^|j"' OctobtT. 



16 
180 
90 
9 
36 
36 



o 
45 

45 



45 







5 




U 


























9 
9 




Norem- 
ber. 



23 
18 


14 

9 



Ik'ccm- 
ber. 



45 
45 

11 



5 



14 



Mean. 

11 
92 
38 
13 
18 



This county, like those to tlie south, has a hirge number of artesian wells, these being located, as shown by the 
map, mainly within the belt east of Tulare lake and west of the main line of railroad. The total number 
enumerated upon farms in the census year was 139, these ranging in depth from 50 to 1,060 feet, the average depth 
being 587 feet. Taking the mean of all, the flow was 409 gallons per minute, this amount irrigating 100 acres 
pev well when thus employed. Most of the wells, however, were put down for watering stock. One w^ell, 7 inches 
in diameter and 1,058 feet deep, is reported as having a discharge of 1,000,000 gallons per day, or 1.55 second-feet. 
The water contains a small amount of sulphureted hydrogen, and some gas also issues with it. It has been used 
for irrigation for nearly three years, but with no injurious eff'ects. There have been irrigated 200 acres of alfalfa and 
an equal amount of wheat. Taking the county as a whole, the farmers are raising a less proportional acreage of 
wheat and are increasing the area devoted to grapes and other fruits, and for this purpose the artesian water is 
especially valuable. Some of the wells, however, are unfortunately located on lands considered worthless on 
account of alkali. 

A large number of canals have been built, taking water from each of the principal streams at iwints below 
where they enter the edixe of the valley and lower down from the numerous channels or sloughs into which the 
rivers subdivide*. The number and intricacy of these canals can best be shown by reference to the map. These 
canals are among the largest in the state, aggregating hundreds of miles in length. As the more important, may 
' be mentioned the 70 canal, the Peoi)les canal, Mussel Slough, Last Chance, Lower Kings River, and Lakeside, 
deriving water mainly from Kings river, and the Watchumna, Tulare, Kaweah, from Kaweah river, the Pioneer, 
Farmers, and Southside, from Tule river. The Peoples ditch takes water from the south side of Kings river, the 
main canal having a length of nearly 7 miles and a width of from 30 to 40 feet. The total cost of the canal is 
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estimated to have been $150,000. The cau&l was begun in 1873 and used in the following year/ The diverting 
dam is made of brush, held in place by sand bags, and is repaired each year. In tlie construction of the canal an 
old slough was utilized for a portion of the distance. There are 4 distributing ditches, these being known as the 
Settlers ditch, taking about one-fourth of the water, the East branch taking one-half of the water, and the West 
branch, this again dividing and contributing water to what is known as the Middle branch. The canal is owned 
by a corporation, there being only about 63 shares in all. Each share is considered to be worth $1,500. The 
annual cost for the water is estimated to be about 50 cents per acre irrigated. The principal crops irrigated 
consist of grain, alfalfa, and other forage plants. Large areas of orchards and vineyards are also watered, these 
being of more value than the field crops. When full the ditch is supposed to carry about 500 second-feet, and, 
allowing for loss, each share of stock probably is entitled to abcmt 5 second-feet of water. The full capacity is 
received, however, usually only during April and May. One share in this canal is thought to furnish sufiicient 
water for from 300 to 400 acres of alfalfa and grain or 640 acres of fruit. 

The Lakeside caJial receives water from Kaweah river by its branches, St. John river and Cross creek. The 
total length of the canal is placed at 44 mileiflind the width 30 feet. The canal was begun in 1873 and used in 
May, 1875. There are two main brandies, tlie east branch, 17 feet wide on bottom, and the west, 22 feet wide on 
bottom. Besides these are five others, ranging from 12 to 15 feet in width. The canal is owned by a corjioration 
of irrigators, 30,000 shares of stock at $1 a share having been issued. One share is supi>osed to furnish sufficent 
water to irrigate an acre when the ditch is full, water being distributed at the rate of a miner's inch to two shares 
or a second-foot for 100 acres. The annual assessment is about 25 cents per acre. Alfalfa and fruits are irrigated, 
as well as grains and vegetables. 

The Southside ditch takes water out on land south of Tule river and east of Tii)ton. The total length of the 
main ditch is 10 mire§"and the width 12 feet. The original cost was about $5,000. The canal was begun in 1875 
and used in 1876; There are twenty distributing ditches, having an average width of 6 feet and a length of from 
one-fourth to 3 miles or more. The ditch is ow^ned by iiartuership, the water being divided betwi^en two or more 
stockholders at a time and for a given number of hours in i)roj>ortion to the stock owned by each. The first cost 
of water right is stated to have been $2 per acre and the annual assessment 50 cents per acre. For trees and 
vines under this canal one irrigation a year is usually sufficient. 

There are three irrigation districts lying wholly within this county and four only partly included, threeof these 
extending into Fresno county on the north and one into Keni county on the south. These districts are known as 
follows: Tulare, Tule River, and Tipton, in Tulare county; Alta, Selma, and Sunset, in Fresno and Tulare counties, 
and Kern and Tulare in the counties of the same name. Tulare irrigation district includes 40,520 acres, a i>ortion 
of this being within the city of Tulare. The district was formed in 1889, and the proceedings for the formation of 
the district, the issue and sale of bonds, were confirmed by the superior court of the county a year later. The 
assessed valuation of the district in 1892 was a little over $2,000,000. Bonds to the amount of $500,000 have been 
voted, nearly all of which have been sold or exchanged for canal property. 

Water for this district is obtained from St. Johns river, Kaweah river, l)eep creek, and Cameron creek. The 
main canal from St. Johns river has a capacity of 500 second-feet and the canal from the Kaweah river the same. 
The district has acquired the water franchise of the Settlers ditch, one of the oldest in the county, claiming 157 
second-feet; the water system of the Kaweah Canal and Irrigation Company, having a capacity of 500 second-feet, 
and all the canals, subsidiary ditches, and rights of way of the Rocky Ford Canal and Irrigation (Company, capacity 
about 200 second-feet. The works are nearly completed, but may be extended from time to time. A portion of 
the lands included in this district have been irrigated for at least 10 years. The nnirrigated lands are worth from 
$10 to $25 per acre and the irrigated lands ft^m $50 to $150 or even more. It is estimated that the cost of water 
under the district organization when fully develoi)ed will be about $1 per acre a year, while under private 
management it has cost from $2 to $3 or more. This reduction in the annual cost, however, will only take place 
when all of the area is brought under cultivation. 

Tule River irrigation district comprises 20,000 jicres, the assessed valuation of which is $280,000. Bonds 
amounting to $90,000 have been voted, but so far as can be ascertained none of these have been disposed of. The 
Tipton district, including 17,040 acres lying mainly to the south and east of the town of Tipton, has an assessed 
valuation of $180,595. Bond^ amounting to $50,000 have been voted, but not sold. The Alta irrigation district 
is on Kings river, including 129,92*} acres of land lying under the '76 canal. The assessed valuation of this district 
is $2,507,630. Soon alter formation the district purchased the -76 canal and its appurtenances, bonds to the amount 
of $675,000 being voted lor this purpose and to cover other necessary expenses. The canal was bought in July, 
1890, at a cost of $410,0(K), and the system of distributaries has been extended to cover nearly all of the land 
within the district. The Selma district includes 271,000 acres of land lying opposite the Alta district on the west 
side of Kings river. This, like the Alta district, has been subject to attack. 

The Sunset district includes 308,000 acres lying on the west side of tlie San Joaquin valley northwesterly from 
Tulare lake. The assessed valuation is $3,080,000. Bonds to the amount of $2,000,000 have been voted for the 
purpose of procuring funds to bring water across to this unwatered side of the valley. Comparatively little has 
been accomplished as yet, owing to the difficulty oi* impossibility of selling the bonds. The Kern and Tuhire 
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irrigatiou district includes S4:y3oo acres on the southern border of Tulare county. Bonds to the amount of $700,000 
have been voted, one-half of the issue being taken by a construction company which has undertaken to build 
systems of water supply. 

Tuolumne county is east of Stanislaus county and includes the mountain head waters of rivers flowing 
westerly to the San Joaquin plains. Near the sources of many of these streams are small lakes or valleys, 
formerly containing bodies of water. These are surrounded by the lofty rugged peaks of the Sierra Nevadas, 
upon which the precipitation in the form of rain and snow is very heavy. There are thus numerous sites at which 
storage works could be constructed at relatively small expense, furnishing a supply of water for use in irrigation 
on the lower plains during the long hot summer. Some of these localities hav^e been surveyed or examined by the 
United States Geological Survey, and descriptions of them are contained in the annual reports of that bureau. 
In the western or lower part of the county are larger valleys containing bodies of agricultural land upon which 
most of the crops are produced without irrigation. It has been found, however, that fruit raising can be carried 
on to profit, and that with irrigation even the citrus fruits can be cultivated. The principal orchards, however, 
are of apple, peach, and pear trees. 

The water supply of the county is large and has been utilized to a considerable extent for mining and for 
power, the ditches aggregating probably over 150 miles in length. The principal of these belong to the Tuolumne 
County Water Company, the La Grange Company, and others. The main canal of the Tuolumne County Water 
Company takes water from the south fork of Stanislaus river at a point about 18 miles above Columbia, 
(covering land in the vicinity of that town, branch lines running to Jamestown, Montezuma, Sonora, and other 
localities. It was constructed originally for mining purposes, but is now used to a certain extent for irrigation. 

Ventura county borders upon the ocean south of Kern and west of Los Angeles county. As in the case of 
the latter locality, the principal towns are near the seashore or within the valleys opening toward the ocean. 
Irrigation is rarely necessary except for orchards and vineyards and for late summer vegetables. The principal 
valley is that through which Santa Clara river flows in a general westerly direction. This is upward of 10 miles 
in width and contains many ranches, the principal crop being barley, which is raised both for hay and grain. 
Besides this are other valleys, many of which possess a climate well adapted for fruit raising, as well as for general 
agriculture. The water supply as a whole is good, although for complete development of resources there is 
necessity of water storage. There are no large systems of irrigation in any way comparable to those of counties 
to the east, but the ditches are mostly short, rarely exceeding 5 miles in length. As examples, may be given the 
following: the canal of the Sespe Land and Water Company obtains water from Sespe river at a point about 3 
miles nortliwest of the town of Fillmore, covering land on the west side of the stream. It is 5 miles in length, 7 
feet wide, and the cost is stated to have been $50,000. Water is diverted by means of a temporary wing dam, 
replaced after floods. Water is sqld with the land at the rate of 1 miner's inch to 5 acres, the annual assessment 
being about $1 per acre. The largest part of the area irrigated is made up of orange groves. The Bardsdale 
ditch takes water from the south side of Santa Clara river about 5 miles above the mouth of Sespe river. It is 3 
miles long, 8 feet wide, and is stated to have cost $2,300. As in the case of the ditch just mentioned, water is sold 
with the land, but the annual charges are apparently regulated by cost of maintenance. The Santa Ana Water 
Company takes water out on the east side of Ventura river, at a point 5 miles northwest of San Bnena Ventura. 
The main ditch is 5 miles in length, 7 feet wide, and is used in connection with the pipe line supplying the town. 
The annual cost of water is stated to be from 50 cents to $1.50 per acre. Near the coast are a number of small 
flowing wells, most of them put down for the purjwse of furnishing water for cattle and for household use, some 
of the water, however, being employed in irrigation. 

Yolo county is one of the lower counties of the Sacramento valley, the large river of that name forming its 
eastern boundary. Much of the land on that side of the county is low, some being covered by tules. The western 
side is hilly or even mountainous, but contains one valley of considerable size, Capay, traversed by Cache creek, 
the outlet of Clear lake, situated in Lake county. South of this valley is Putah creek, which also rises in Lake 
county and flows in a general course parallel to that of Cache creek through ]^'d\m county and then for a short 
distance forms the southern boundary of Yolo. Both these creeks, Cache and Putah, discharge during the spring 
time large volumes of water, but during the droughts of late summer their waters shrink and disappear before 
reaching Sacramento river. Throughout the county the cereals are raised without irrigation, water being used to 
any considerable extent only in the vicinity of Woodland and in Capay valley for fruit and alfalfa. Attempts have 
been made to raise alfalfa without irrigation, but these have not always been successful, not wholly from the lack 
of moisture, but becauvse of the destructive ett'ects of the gophers. By irrigating the fields and flooding them 
thoroughly many of the gophers are drowned in their holes, checking the ravages. 

The principal ditch of the county is that of the Woodland Dit^'h Company, commonly known as Moore's ditch. 
It takes water from Cache creek about 8 milee northwesterly from Woodland and carries it out on the south side. 
The main ditch extends east for about 2 miles and then divides into a number of branches. The total cost of the 
system has probably been over $50,000. Work was begun as early as 1856, and the ditch has been enlarged and 
extended at intervals since then. The capacity is probably from 00 to 70 second-feet. Water is sold by the second- 
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foot per liour, the charge being at the rate of 16§ cents per hour or $4 per day. It is estimated tliat to flood 
alfalfa 3 times costs about $2.50 per acre per year. About one-half the wat^r is used on vineyards and orchards 
of apricots, oranges, tigs, pears, and phims. The Cai>ay ditch takes water from the south side of Cache creek 
near the town of Capay. It is 7 miles long, about 12 feet wide, and tlie cost was $20,000. It is owned by a 
cor]>oration, the shareholders dividing the water among themselves. In 1889 none of the land under ditch was 
UTigated owing to the abundant rainfall. 

Yuba county includes in its western em\ a portion of the Sacramento valley lying oast of the Feather river. 
From this stream it extends in a comparatively narrow belt northeasterly to the high Sierras, embraciing thus 
plain and foothill regions as well as the river lands. The character of the agriculture is dependent upon these 
toi>ographic features. On the rich low lands broad fields of cereals were cultivated, while the rolling and hilly 
uplands were devoted mainly to grazing and were considered to have little value until their adaptability to fruit 
culture was made known. With the cessation of hydraulic mining in the mountains and the abandonment of the 
network of ditches and flumes built for this purpose came the opportunities for the extension of irrigation by taking 
advantage of the magnificent water supplies thus oftered. The large returns of fruit raising also induceil the 
construction of new ditches, utilizing the magnificent water supply of the county. All the deciduous fruits and 
also oranges are profitably raised, the areas planted to fruits and vines being fimnd not only among the hills but 
also down upon the lower lands. 

Irrigation is not considered necessary, especially on the lower lands, for the cei*eals and forage plants, although 
as a nmtter of course with a well regulated supply of water the crops are better and surer. For fruits and grapes 
on the dryer soils, on which these succeed best, irrigation is essential. Water is obtained for these areas from 
the numerous ditches extended from the hydraulic works. Payment for the water is generally made by quantity 
and time used, the charge being in difterent cases 9 cents, 10 cents, or 12.5 cents per minei^'s inch for 24 hours, the 
quantity being measured under a G-inch head. Near Marysville orange and other fruit trees are irrigated by 
water raised from wells by means of a steam pump. The comparatively large expense for water in these cases is 
justified by the value of the products, which ranges from $200 to $300 per acre and upward. Under the Excelsior 
Water and Mining Company's canal, leading from the South Yuba river about miles north of Nevada city, the 
charge for water is stated to be from $3 to $5 per acre. 

The Browns Valley irrigation district was organized in October, 1888, comprising 44,000 acres of some of the 
choicest foothill land. This district extends from the Yuba river on the south north to Honcut creek, theboundsjiy 
being about 11 miles east of Marysville. Bonds to the amount of $140,000 have been voted, a large part of these 
being sold. The district has purchased over 20 miles of distributing ditches owned by the South Feather Water 
and Union Mining Company and has built 18 miles of main canal, besides flumes, bridges, and pipe lines. It has 
also <M)nstrueted a dam across the North Yuba river 25 feet high, 140 feet long, and 40 feet thick at base. This is 
built of crib work filled with stone, and is for the puri)ose of diverting water into the flumes pliK^ed 7 feet above 
high water mark. 
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Total population (average per square mile 3.98) 412, 198 

Number of owners of farms (3.98 per cent of population ) .' 16^ 389 

Number of irrigators (58.94 per cent of farm owners, 2.34 per cent of population) 9, 659 

Area of state, land surface (103,645 square miles) acres.. 66,332,800 

Area irrigated in census year do. . . 890, 786 

Area of all farms, 39.65 per cent improved do. .. 4, 598, 941 

Cereals raised in census year, including 117 acres in buckwheat and 4,615 acres in rye do. .. 351, 086 

Barley, average production, 27.43 bushels per acre do. . . 12, 086 

Com, average production, 12.67 bushels per acre do. . . 119, 310 

Oats, average production, 28.59 bushels per acre do. . . 87, 959 

Wheat, average production, 22.4 1 bushels per acre do. . . * 126, 999 

Alfalfa .do... 126,531 

Total value of all farms, including land, fences, and buildings $85, 035, 180 

Estimated total value of the farms irrigated in whole or in pWt $59, 696, 000 

Estimated value of all farm productions (sold, consumed, or on hand) for 1889 $13, 136, 810 

Estimated value of productions, aa above, from farms irrigated in whole or in part $11, 686, 000 

Average size of irrigated farms acres.. 92 

Average size of irrigated farms of 160 acres and upward do. . . 307 

Per cent of acreage of irrigated farms of 160 acres and upward to total acreage irrigated 49. 34 

Average size of irrigated farms under 160 acres acres. . 55 

A^rage first cost of water right per acre $7. 15 

Average annual cost of water per acre $0. 79 

Average first cost per acre of preparation for cultivation $9. 72 

Average val uo of irrigated land, including buildings, etc., in .Fune, 1890, per acre $67. 02 

Average annual value of products per acre in 1889 $13. 12 

COMPARISON WITH OTHER STATES. 

The above tabJe, similar to those prepared for Arizona and California, brings together the most important 
data relating to the proportion of the population of Colorado interested in irrigation and concerning their 
farms and products. For comparison with other states and territories of the arid regions reference should be 
made to the general tables given in the first portion of this report. By examining these it appears that 
Colorado stood third in number of irrigators in 1889 and second in area irrigated. In average size of irrigated 
farms, 92 acres, it stood fourth, Nevada, Wyoming, and Montana preceding it. As for proportion of state 
irrigated, however, it stands at the head of the list, l..'M per cent of the entire land surface of the state being 
watered. In total number of farms it stood second to California, while in the percentage of number of these 
irrigated, 58.94, it is eighth. In average value on June 1, 1890, of farm land irrigated, $67.02 per acre, the state 
is third, following far behind California and Utah, while in average value of products in 1889, $13.12 per 
acre, it was sixth, a number of these states, however, having average values of product per acre within a few 
cents of eac*h other. 

Classifying the irrigated holdings according to size, 160 acres being the dividing line, Colorado comes first in 
the number of these of 160 acres and upward and second only to California in the aggregate area, while it is fifth 
in the list in the jjroportion of these to the total area irrigated, a trifle less than one-half of the total number of 
acres irrigat^Hl being contained in these large holdings; that is to say, 1,432 irrigators owned nearly one-half of the 
irngati^d lands. In average first cost of water per acre, $7.15 (ranging by counties from $2 up to $16 per acre), 
Colorado was fourth, following California, Utah, and Nevada. In average value of water rights per acre in 
181M) it was second only to California, while in average annual cost of water per acre, 79 cents, it was among the 
lowest, being surpassed only by Washington and Wyoming. This average was low, from the fact that there was 
a predominance of cases where the irrigators owned small ditches cared for by themselves, the annual expense 
being from as low as 10 cents per acre up to 50 cents or more. On the other hand, there were many farmers who 
paid annually a stated sum to a canal company for delivering water, the prices ranging from $1.50 up to $3 per 
acre. 
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The irrigated areas of the state, as shfrvm by the accompanyiDg map, were widely distributed, but in the 
main were found along the foot of the Front range, extending thus in a general northerly and southerly direction 
and stretching out to the eastward down the valleys of the South Platte and Arkansas. To the west of this the 
principal areas were in San Luis park and scattered irregularly along Grand river and its tributaries. As a rule 
it may be said that irrigation developed gradually and without attracting particular attention from the general 
public until about the close of the last decade. The earliest irrigating ditches were dug by Mexican farmers, 
cultivating small patches of land along the foothills, mainly in the southern part of the state. These ditches are 
still in use, and most of them are in their original condition, few changes or improvements having taken place 
either in methods of farming or in ways of distributing and applying the water. The earliest large enterprise 
conducted by English speaking farmers was probably the irrigation system at Greeley built by the Union colony, 
work being begun about 1870. As the population of the state has increased and the demand for agricultural 
products has become greater, farmers have gradually brought under cultivation strips or patches of arable land 
wherever water can be diverted to cover it at moderate expense. Thus all the easily available sources of water 
have been utilized, and with increase in the number of farmers still more land has been cultivated until the area 
far exceeds that which can be irrigated in ordinary seasons. 

IRRIGATION PROGRESS. 

The success of the earlier settlers in rendering valuable the hitherto desert lauds stimulated speculators and 
owners of fertile though arid tracts to attempt to reclaim these from their worthless condition in order that they 
might be made sources of revenue, and from about 1887 almost innumerable projects for the construction of large 
irrigation works have been suggested, some being brought to completion. Many of these involved the expenditure 
of hundreds of thousands and even millions of dollars, the primary object being either to sell shares of stock 
or to realize in some manner upon the increased value of the land. In some cases stock has been sold to investors 
having no interest in the land, but in the majority of instances shares of stock entitling the owner to a certain 
proportion of the water have be«n disposed of to farmers having land under the canal. Sometimes the canal 
company has owned a large part if not all of the land, and 'has sought to colonize this, selling the land with 
water rights, generally on long time and partial payments. 

The multiplication of small irrigating systems by the farmers and their enlargement irom time to time 
continued, as previously intimated, until the demand for water, along the smaller streams at least, far exceeded 
the easily available supply. Added to this has been the construction of great canals, the capacity of any one or 
two of which, if ever brought into full operation, would exceed the amount in the principal rivers. This has 
brought about a condition of affairs in which in many counties the rights of the farmers to the use and employment 
of the waters are in a most precarious and unsatisfactory state, emphasized by the fact that the water supply of 
summer varies greatly in quantity from year to year. In the plan for construction of the larger irrigating 
canals, little if any attention has been or is now being paid to the question of water supply, and large sums 
have been recklessly expended, especially in eastern Colorado, in digging long lines of canals for which it seems 
improbable there will be sufficient water during summer. 

RAINFALL AND RIVER FLOW. 

The necessity of irrigation as well as the reason for the somewhat wide development of dry farming is made 
apparent by reference to the table on the following page, which exhibits the average distribution of precipitation in 
many of the counties of the state. This shows that, taking all the points of observation, the average precipitation, 
in the form of both rain and snow, is about 14 inches for the entire state, ranging from less than 7 inches at points 
on the plains up to about 30 inches among the high mountains from which come the streams used in irrigation. 
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MEAN MONTHLY AND ANNUAL RAINFALL AT STATIONS IN COLORADO. 
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0.42 

0.57 
0.31 

0.72 

0.55 

1.91 

0.10 

0.31 
1.43 

0.45 

2.92 

0.64 

1.07 

0.52 > 

0.87 I 
0.99 ; 

2.04 ' 
1.55 

0.30 

0.67 

1.11 

0.62 

O.U 
0.03 

0.46 
0.60 

1.55 

0.04 

0.28 : 
0.00 I 

1 

0.41 
1.82 I 

0.20 ! 

0.52 

0.12 ' 



14.32 

13.42 

11.07 
12.71 

13.21 

6.82 

12.23 
13.51 

12.74 

17.75 

0.85 

11.34 

14.70 
28.65 

11.52 

16.50 

8.53 

17.24 

17,55 

22.12 
11.56 

17.10 
14.30 

13.75 

21.61 

11.00 

0.23 

8.08 

10.03 

12.40 
16.77 

10.13 

13.48 

17.01 
0.87 

6.91 
30.75 

7.58 

11.80 

13.41 



a Record broken. 



h Ranch 9 railcH from Whitewater, Colorado. 



Altliough the total amount of rainfall as shown by the above table is small, yet this quantity is usually oo 
favorably distributed throughout the year that agriculture succeeds in localities whose mean annual precipitation 
is less than at places to the west where the rain occurs more uniformly from month to month. In the 5 months 
from April to August, inclusive, or the crop season, over 00 per cent of the precii)itation usually takes place. This 
fact is brought out more clearly by the following table, in wliich the average rainfall for most of the importiint 
stations of the state is given both in depth in inches and percentage of the whole amount. This is placed in 
comparison with the average distribution of the available water supply, that is, of the mean monthly jjercentage 
of water flowing in the principal streams. The periodical rise of the streams to their spring floods is shown in 
the case of Colorado to be nearly coincident with the increase in quantity of spring and summer rain, in this 
respect dift'ering from California, where the streams rise about the time the rainfall diminishes. As shown by the 
percentages the rivers begin to increase in flow, mainly by melting snow a short time after the rainfall increases, 
but they decrease in July, falling ofl^" rapidly, although this is the time of greatevst rainfall, and in August reach 
comparatively low stages, dwindling or ceasing to flow at tlie time when the need for water is greatest. Thus 
it happens that many crops which mature early in the season can be raised successfully by dependence upon 
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the summer rains, and on the other hand, crops which are alow in maturing, or forage which can be cut a number of 
times in succession, require an artificial supply of water when the summer rains decrease, or may be entirely 
destroyed by drought when the streams no longer fill the irrigating ditches. 

DISTRIBUTION OF PRECIPITATION AND AVAILABLE WATER SUPPLY. 



AVERAUK MONTHLY 
PRECIPITATION. 



MONTHS. 



AVKIiAOB 
MONTHLY 
RIVER 
FLOW. 



Inches. , Per «ent. Per cent. 



Total 14. 0(> 

January 0. 65 

February 0. 60 

March 0. 75 

April 1. 4."> 

May 1.65 

June 1. 25 

July 2. 35 

A ugust 1 . 90 

September 1. 10 

Octobor 0. 8<» 

November 0. 75 

December 0. 75 



100.00 

4.64 

4.2H 

5.36 

10. 36 

11.79 

8.93 

16.78 

13. 57 

7.86 



5.71 



5.30 
5. 36 



100. 00 

3.40 

3.90 

3.60 

5.60 

20. 00 

27. 50 

13.50 

6.70 

4.40 

4.40 

3. 7n 

3. 3n 



From a careful examination of the census statistics and of replies from thousands of farmers it would appear 
that the great need at least for the eastern half of the state is for a more careful use of the water and for its 
increase by flood storage. Far larger areas could be successfully cultivated with the amount now at hand if the 
water were used with greater skill and economy, and, as is well known, great quantities run to waste each year in 
time of flood. As the matter now stands there is a deftciency of supply for the land now cultivated and reported 
as irrigated, and in addition there are far larger areas without water, although under ditch. The acreage 
of fertile land to which water can be carried by canals and ditches already constructed can not be definitely 
ascertained, but, especially in the eastern end of the state, it is of such extent that the patches actually watered 
in comparison shrink into insigniftc^ince. 

KESFRVOIRS. 

Water storage as a relief from the trials and uncertainties of a chance supply has been eagerly taken up by 
irrigators and others interested in such matters, and many reservoirs have been built, some of these among the 
high mountains, but the greater number near the foothills in the vicinity of lands to be irrigated. The success of 
these lias not been as marked as anticipated on account of their great first cost when properly constructed 
and the practical difliculties in filling them eiich year. With wasteful methods of employitig water and the small 
average value of products per acre the use of water obtained by storage has not always been profitable. As the 
farmers become gradually more skillful in producing the best results with the least water, enterprises of this 
chanu'ter must be more and more successful. 

A few small reservoirs have failed by the washing away of dams improi)erly constructed or so placed as to be 
exposed to great floods. Other works have been so located that, although perfectly safe in every way, there ha« 
not been a sufficient amount of water each year to fill them and make up for losses by evaporation and seepage. 
There has been the same disregard of facts and physical data shown in the location of storage works as in the 
construction of large canals, more attention being given to the possible profits than to questions of water supply 
and stability. Examples of this kind, even thcmgh few in number, have caused more or less loss of confidence and 
have resulted in delays and greater care in ])lanning and executing other structures for such purposes. 

The quantity of flood water available for storage has been generally overestimated. The inhabitants of the 
country, seeing the angry waters rushing down valleys and tearing out bridges, dams, and other obstructions, 
form ideas and make statements widely at variance with the facts as ascertained by engineering examination. This 
is brought (mt most strongly perha])s by the gaugings made by the United States Geological Survey or by the state 
engineer. Not all of this water can be utilized, since it comes so rapidly and in such great quantities that it can 
not be diverted into reservoirs as ordinarily constructed. The amount varies so greatly from year to year that a 
system of reservoirs constructed to hold the average amount might be partly dry for several years in succession, 
or nt other times would receive more than thev could liohl. 



94 IRRIGATION. 

STATE SUPERVISION. 

The Colorado laws regarding irrigation have grown much as has the ditch system, by adding here and there, 
and as a result they are far from perfect, although better than those of many of the other irrigating states. The 
farmers complain of the inefficiency of present methods of distributing water, of the apparent injustice that 
sometimes arises, and of the legal costs involved in protecting their property. In the districts where the demand 
for water is esi)ecially great, where old ditches have been enlarged and new canals built, continual vigilance on 
the part of irrigators and of state officials must be practiced in order to secure and maintain a legal distribution 
of water. 

The theory upon wiiich the law is based is simple, but the details for enforcing this are complicated and not 
always efficient. The primary object is to secure to each irrigator the use of an amount of water equivalent to 
that originally employed by him according to the date at which such employment was made. That is to say, the 
first settler on a stream should be secure in the use ever after of the amount of water originally diverted and used, 
and if there is a surplus the next settler should have an amount equivalent to that originally used by him, and so 
on. At times of drought th 3 persons utilizing the water last in order of time should be deprived of it, and this 
shutting out should continue in the reverse order of the dates of appropriation until those holding what are known 
as prior rights have a full supply. 

In order to enforce the laws regarding the distribution of water the state has been divided into six divisions, 
the limits of these coinciding with the watersheds of the principal rivers. Division I includes all of the drainage 
area of the Platte river within the state, and division II that of the Arkansas, these two covering the eastern part. 
Each of these is subdivided into water districts, which include one or more creeks tributary to the rivers or a 
portion of the main stream itself with the adjoining land irrigated. In each of these districts is a water 
commissioner, whose duty it is not only to know the condition of the water supply and of its employment but in 
time of scarcity to enforce the legal decisions as to priorities by closing the head gates of ditches not entitled to 
water at such times. These commissioners have police powers and must exercise considerable discretion in the 
execution of their duties, which requke judgment and experience. 

The water commissioners in each district are under the general direction and supervision of a division 
superintendent, and each superintendent in turn reports to the state engineer regarding the amount and 
distribution of water and other facts incidental to his duties. All questions, however, concerning priorities of 
right are adjudicated by the courts, the state engineer and his assistants carrying into effect as far as posisible 
these judicial decisions, and unless these have been legally established the state officials can not interfere. One 
of the greatest sources of weakness in this system is the fact that water measurements have not been made to an 
extent sufficient to give comprehensive ideas of the amount available, and the decisions of the court, being based 
upon such evidence as was presented, relate to quantities often larger than can be realized. Decrees have been 
made to various ditches entitling them to two, three, or even five times as much water as could possibly be carried, 
the aggregate amount mentioned in the decrees being perhaps ten or twenty times as much a4 the river from which 
the water is taken carries even in times of flood. 

Questions concerning priorities of right are especially perplexing in division I, where many of the 
acyudications were made before matters of that kind were as well understood by the public as at present. The 
distribution of water in some of the districts is surrounded by almost insurmountable difficulties, requiring great 
tact and experience on the part of the commissioners, superintendent, and state engineer in order to avoid personal 
conflicts or litigation. Even then in time of drought there is more or less unavoidable friction, and injunctions 
have been issued restraining the state engineer and his assistants from interterence. Each year, however, as the 
irrigators come to understand the necessity and value of state interference and questions of detail are settled some 
of the obstacles are overcome, but at the best there are many hardships connected with the matter. 

Few persons outside of the irrigating states comprehend the full significrance of the statement that certain 
ditches have been shut down, or that the greater part of some district has been deprived of water in order to 
satisfy prior claims. To the irrigators under these particular ditches this deprivation may mean the almost 
complete loss of the results of the season's work and the jeopardizing of trees, shrubs, and other plants upon which 
years of care have been bestowed. Of course there are many complaints, and state officials are accused of 
partiality and unfairness by some of the sufferers, but the community as a whole sees in this the unavoidable 
oi)erations of necessary laws. The doctrine of priority of rights has been so well established that it is not probable 
that it can be overthrown, although individuals often attack it bitterly. 

Owing to uiuisual droughts and the shutting down of certain canals and ditches there were heavy losses of 
crops during the census year, especially under some of the larger canals. The condition ot farmers thus deprived 
of water was deplorable, from the fact that they had mortgaged their property to pay for the water rights and paid 
in advance their annual rates. By being deprived of watertheir crops were not profitable and interest and partial 
payments on the mortgage conld not be made. The deeds to water rights usually contain a clause practically 
relieving the company from resi)onsibility in case of failure to deliver the quantity of water called for; but, on tjie 
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other hand, the mortgages given by the farmer are so drawn that default of one payment makes the whole amount 
become due at once. Thus apparently it is in the i)ower of a company failing to furnish water to foreclose a 
mortgage and obtain possessiim of the land. 

AVERAGE COST OF DITCHES. 

In Colorado there are to be found examples of nearly every type of irrigating system. The small, cheaply 
constructed ditches are in excess, but there are also a few well constructed canals worthy of detailed description. 
Without discriminating between the different conditions under which the canals have been built a general 
average has been taken of the cost of construction, dividing these into classes according to the width. Taking 
those under 5 feet in width, the average cost per mile was $380; those of 5 feet and over and under 10 feet in 
width cost on an average $1,131 per running mile, and those of 10 feet and over cost $5,258 per mile. This 
includes expenses of head works, flumes, and all other structures. Most of the older ditches have been poorly 
located, and a great number have been duplicated by the construction of other ditcihes running nearly parallel 
and supplying land in the same vicinity. This results in great waste of water, and the farmers as a whole have 
had to pay nearly double the amount necessary to have constructed one well planned ditch. 

In many localities where small parallel ditches cover the ground, it has been proiwsed in the interest of 
water economy to attempt to consolidate interests and utilize the highest canal or ditch. In order to do this it 
will be necessary to purchase many of the older rights, the cost of which will be very large unless condemnation 
proceedings can be had. While the early and cheaply constructed ditches were in many ways of immediate benefit 
to the irrigators, enabling them to gain a foothold, yet in the long run they must prove very expensive, especially 
where attenipts are mad^ to improve methods of distribution and to economize water, the outlay required to do 
away with old methods being far greater than the construction of new. 

• 

DUTY OF WATER. 

The duty of water in Colorado, that is, the area of land irrigated by a given quantity of water, varies, as in 
all other states, with the character of the soil, the crops, the amount at hand, the skill of the farmer, and other 
conditions. As a whole, it is probable that the duty has gradually increased, larger areas being now irrigated 
than formerly with the same amount of water. To ascertain what is the average duty is a matter of considerable 
difficulty on account of the varying conditions, but it is possible to arrive at this in an approximate manner by 
comparison of the amount of water flowing in various streams with the acreage irrigated. Taking, for example^ 
the average discharge of Cache la Poudre, Big Thompson, St. Vrain, and Boulder creeks and comparing this w ith 
the acreage reported as irrigated in the census year, it appears that the duty of water was about 120 acres to the 
second-foot. This method of computation is not wholly satisfactory and yields results of little practical value^ It 
should be noted furthermore that in this year many of the farmers claim that they did not have enough water and 
that a considerable proportion of the crop was a failure, or, in the case of the cereals, was cut for forage. Figures 
of this kind, while of use in broad discussions of the subject, can not be safely applied to any one project or used 
to show the probable amount of land to be irrigated from a definite source. 

The best data upon the duty of water in the state are those obtained at the agricultural experiment station 
at Fort Collins, where careful measurements have been made of the quantities of water used upon dififerent fields. 
The results obtained have been given in a preliminary report, which shows the duty of wati^r as computed with or 
without the rainfall and for different i)eriods of the irrigating season. Since the greater part of the irrigation is 
carried on by means of water from streams which fluctuate from day to day, reaching their flood -stage in June 
it is necessary to assume a certain number of days during which the discharge of the river or the canal shall be 
taken, the computed duty of water varying according to the time thus chosen. This report assumes for comparison 
four i^eriods, viz. May 1 to September 1, 123 days; April 1 to September 1, 153 days; May 1 to November 1, 184 
days, and the month of June alone, or 30 days. The corresponding duties thus obtained are shown in the table on 
the following page for four cases, two of these being canals, the third the whole valley watered by these and other 
canals, and the fourth, the same valley with an allowance made for the amount of water which probably enters 
the main stream by seepage below the point of measurement. Summing up the whole matter, it would seem 
probable thtit the average duty of water i)er second-foot, as measured at the head of the canals and flowing 
constantly, is from 60 to 65 acres in June, or from 175 to 300 acres for the whole season, this last representing 
the conditions when a reservoir is available in which the water may be stored, (a) 



a Colorado State Agricultural College, agricultural exp^rinieiit 6tatiuu, Bulletiii "is*}. 22, preliminary report on the duty < f >ii-ater. p.igo 30. 
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IRRIGATION. 



CONDITIONS FOR IRRIGATION NEAR FORT COLLINS, COLORADO. 



DEPTH OF WATEK IK FEET. 



May 1 to Septeni- April 1 to Septem- 
ber 1 (123 days). ber 1 (153 dayH). 



May 1 to Novem- 
ber 1 (184 (1hv8). 



June (30 days). 



CANAI^ AN1> KIKLD8. 



From irri-'. J'lf""^.^ Fnuu irri- : Jff^T^^ Fromirri- , ?JX« l-'romirri. i.Jl?.*?.,, 
<..*:..« iirrii'atit»n .»...;.„. im^iation „„*;«„ imgation „„«{«„ irrigation 

«"^'"*»- Umfraiu. S«^'""- an^rain. «"*'^°- . an«f rain. 6"*'""- ancTrain. 



No. 2 canal 

Larimer and Weld canal. 

VaUey 

Valley, seepage inclndeil 



No. 2 canal 

Larimer and "Weld canal . 

Valley 

VaUey, aeei>age inclnd<Ml 
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2.96 


0.92 


1.12 j 


1.49 


2.26 


1.49 


2.43 




1.49 


2.36 


0.73 


0. 93 


1.25 


2.02 


1.30 


2.24 




1.33 


2.22 


0.64 


0.84 


1.41 


2.18 


1.50 


2.44 




L57 


2.46 


0.68 


0.88 
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DUTY 1»ER SECOND-FOOT 


IN 


ACRES. 








112 


81 


146 


101 




1 
176 


124 


65 


rul 


165 


too 


205 


126 




246 


155 


81 


64 


195 


122 


233 


136 




274 


168 


01 


71 


174 


113 


204 


125 




244 


151 


88 


68 



YIELD OF IRRKfATKD CEREALS. 

It has generally been assumed that upon irrigated lands the yields per acre are heavier than on the lands 
farmed by dependence upon rainfall, but owing probably to the fact that most irrigators did not have sufficient 
wat^r for all their fields the average yield per a<Te of the irrigated lands, as shown b}^ the census, did not reach 
extraordinary quantities. The most that can be said is that irrigation has enablexl crojis to be produced where 
otherwise it would liave been impossible to produce them, and that with ample water and the exercise of unusual 
care and skill notable success can sometimes be attained. 

Taking the cereals in the order of their importance as i^egards acreage in Colorado, wheat comes tirst. For 
the whole state the average produ(*tion duiing the census year was 22A1 bushels per acre, while in Kansas the 
average was 19.21 bushels per acre, in Iowa 14.00, in Illinois l(>.f)8, in Indiana 14.52, in Massachusetts 1G.19, and 
in Georgia 5.58. Next in importance in Coh)rado is Indian <orn, a great part of this, however, not being irrigated. 
The average production for the state was 12.67 bushels i>er acre, while in Kansas the production was 35.49 bushels 
per acre, in Iowa 41.28, in Illinois 30.84, and in (leorgia 11.33. Oats come next in acreage, the average production 
of these in Colorado being 28.69 bushels i>er acre, in Kansas 30.49, in Iowa 39.09, and in Illinois 35.56. Of barley 
the average production in Ccdorado was 27.43 bushels per acre, in Kansas 23.01, in Iowa 25.84, and in Illinois 28.93. 

These cereal averages are not as favorable to Colorado as has been generally assumed, for there has been very 
great exaggeration both as to the benefits and as to the extent of irrigation. Many of the (*ereals in the state 
have not been irrigated, or if water has been applied there has not been sufficient to ]»roduce the best results. 
With plenty of water and a thorough, intelligent cultivation of the soil, the yield under irrigation is large, but 
unfortunately comi>aratively few of tlu^ farmers i>ossess the recpiisite wat^r supply and agricultural skill. In 
many ]>ublicatioiis on the subject of irrigation, exam])les of extraordinary success are cited, giving the impression 
that the majority of farmers attain results as great. 

By taking certain counties instead of the state as a whole, and thus eliminating to a large extent theeflfects of 
dry farming or of unusual 8(;arcity of water, the results show bettt^- the success attained by irrigation. In Weld 
county, for exam{>le, the largest wheat producing county in the state, the average yield of wheat was 24.15 bushels 
per acre. This unquestionably can be taken as a fair sample of good results by irrigation. For comparison with 
this may be given, selecting counties at random, Pottawattamie county, Iowa, the average profluction being 11.54 
bushels per acre, and (lage county, Nebraska, where the productitm was 21.94 bushels per acre. In Weld county 
the average^ production of corn was 14.80 bushels per acre, while in Fremont county it was 23.54 bushels i)er aci'e. 
Most of the great corn producing c<miitics of the Mississippi valley have a far larger average j)roduction than this. 
Gage county, Nebraska, for example, averaging in corn 47.49 bushels per acre. The low average in Colorado is 
evidently due, as previously intimated, to the fact that the corn is not sufficiently watered, if at all. The same 
thing holds true of oats, for the largest production per acre in irrigated counties is equaled or excelled by other 
counties taken at random in Indiana, Illinois, and other stat-es. 

Comparisons of the staple crops, such as the cereals, do not show such a great advantage for irrigation as 
might b(» expected from theoretical considerations. In presenting the benefits of irrigation in popular publications 
it has been assumed that plenty of water can be obtained, while as a matter of fact this is exceptional. In 
comparing the returns to the irrigator with those of the farmer well within the Mississippi valley it should not be 
forgotten that while the irrigator with plenty of water can produce large crops per acre, yet he must pay out a 
certain amount of money each year tor water and spend considerable time in applying the water pi-operly to the 
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crops, I'.oni polling liiiii to cultivate a less acreage. Tlius it is that although the j'ield per acre luay be greater on 
the irrigated land, yet on the nonirrigated the farmer can with the same amount of labor and investment cultivate 
a larger acreage, counterbalancing often the effect of a less profit i)er acre. 

KASTERN COLORADO. 

In the eastern part of Oolora(h), for example, the 32 counties lying east of the principal watershed of the state, 
comprising 58,135 square miles, or 5G.00 per cent of the total area, greater progress has be«n made than in the 
portion drained by the Grand and Green rivers, and therefore a number of computations have been made 
pertaining to these counties as a whole. In the census year there were irrigated in these 32 counties 565,171) acres, 
or 883.09 square miles, the portion irrigated forming 1.52 ]>er cent of the total area of these counties, a larger 
proi)ortion than in the entire state. The total number of farms in the 32 counties on June 1, 1890, was 12,014, and 
of these 5,768, or 48.01 per cent, were irrigated in whole or in i)art. The total area of the irrigated land on 
these 5,768 farms was only 30.32 per cent, of the total area owned by the irrigators, and the average size of these 
irrigated jiortions was 98 acres. This portion of the state extends from the continental divide on the north and the 
Sangre de (^hristo and other mountains in the south, easterly over the Front range, the Wet and other mountains 
a(*ross the plains to Kansas and Nebraska, embracing thus the drainage toward the Missouri river. 

The eastern part of the state is divided by a ridge which, starting in the foothills to the east of Pikes Peak, 
continues easterly nearly across the state, gradually dying down into the Great Plains. This forms the watershed 
between the two drainage systems of this part of the state, that of the Platte on the north and of the Arkansas on 
the south. Both of these rivers, rising in many creeks among the high mountains, flow easterly across the plains, 
furnishing on their course water for hundreds of ditches and canals. The South Platte rises in the South Park 
nearly in the center of the state and after passing through its lower canyons flows northerly along the base of the 
mountains, receiving in its course many large perennial mountain streams, each of which issues upon the 
comparatively level valley land from a deep, narrow canyon. The water is widely distributed, and the streams are 
of size and slope such that water can be readily diverted from them at small expense. The relative position of 
the small tributaries of the Arkansas is on the whole less favorable, although by no means presenting great 
dififlicultiesto irrigation development. The main stream rises west of or behind the South Park and flows southerly 
and easterly through a long, narrow drainage area, and finally leaving the mountains starts directly across the 
plains. The larger tributaries from both north and south flow in a general diagonal course toward the river, 
passing through porti(ms of the plain region, not emptying at once into the main stream, as in the case of the South 
Platte. Many of them, especially those heading at a considerable distance, thus lose nearly all of their water in 
passing through these arid regions and contribute little to the river except after heavy storms. 

The mountains forming the western edge of the jiart of the state above mentioned not only give rise to 
almost innumerable streams, rendering agriculture by irrigation possible at points along their base, but also 
contain the great stores of mineral wealth which have attracted a large population, furnishing a market for all 
agricultural products. Thus it is that population and agriculture are concentrated in a comparatively narrow 
strip from Fort Collins and Greeley on the north, through Denver, Golden, Colorado Springs, Canyon, and Pueblo, 
to Trinidad on the south. West of this strip are the high mountains from which come the mineral wealth and 
water, and toward the east stretc'h the broad ])lains devoted mainly to cattle raising, but c<mtaining many farms 
u])on which crops have been succtessfully raised without irrigation. 

FARMING WITHOUT IRRIGATION. 

It must not be supposed that all of the farming in the state is done by means of the artificial application 
of water. Especially on the eastern border, where there are no living streams, there are counties within which 
thousands of acres are cultivated annually and from which fair crops are obtained. As stated above a great part 
of the corn raised within the state is not irrigated and other cereals have been produced in like manner. The yield 
per acre by the so-called ''dry farming '' is, as a matter of course, much smaller unless rain happens to fall at times 
when most needed. Comparing the production of the three leading cereals on irrigated and "dry" farms, it has 
been found that in the census year in Boulder and 6 adjoining counties the average yield of wheat was 23.62 
bushels per acre, while in Phillips, Sedgwick, and Yuma counties, in the northeastern comer of the state, where 
no irrigation was possible, it was 9.36 bushels per acre, or considerably less than one-half that in the first named 
<*ounties. A less difl'erence is shown by the oat crop, which in Boulder, Jeff'erson, Larimer, and Weld counties 
averaged 30.81 bushels per acre, while in Phillips, Washington, Sedgwi(!k, and Yuma it averaged 17.21 bushels 
per acre. A still less diflference is shown by Indian corn, which in the irrigated counties of Boulder, Jefferson, 
Larimer, and Weld averaged 15.39 bushels per acre, and in Elbert, Lincoln, Phillips, Washington, Sedgwick, and 
Y'^uma averaged 11.57 bushels i)er acre. Taking Elbert and Lincoln counties alone, where the rainfall is heavier 
than in the northeastern counties, the average production without irrigation was 21.10 bushels per acre, or larger 
than in the irrigated counties. 

1690 IR 7 
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Besides the localities out upon the plains dry farming to a limited extent has been carried on successiully in 
a few of the higher valleys, where the temperature is low and where there is a relatively large amount of rain. 
The principal crops are for hay, and most of the (lereals when planted are cut for tliis purpose. Although farming 
without a water supply has been successful in many places, it should not be inferred that such success is the rule. 
Hundreds or even thousands of settlers liave attempted to make homes for themselves upon the Great Plains and 
after struggling against the prevailing droughts and losing crops year after year they have been brought to the 
verge of starvation. The condition of aft'airs in eastern Colorado has been similar to that in adjoining parts of 
Kansas and Nebraska. About the years 1886 and 1887 persons attracted by the representations that the soil was 
wonderfully fertile and the rainfall sufficient for agricultural operations flocked into the country and began to 
cultivate the soil. During one or two years many were successful and the majority succeeded in raising small crops, 
but the severe droughts of the succeeding summers caused much suffering and a rapid diminution in population. 

ARTESIAN WELLS. 

The artesian wells upon the farms in Colorado are found mainly in two great groups, the first of these being in 
the western end of Arapahoe county, in the vicinity of tlie city of Denver, and the second, and more important, in 
San Luis valley, being thus within the counties of Conejos, Costilla, Rio Grande, and Saguache. Outside of these 
areas many deep wells have been drilled, in some instances obtaining flowing water in small quantities. These 
latter wells have been put down usually by municipalities or corporations in search of water for city 8ui)ply or 
similar purposes, and have little or no importancje in irrigation. 

In Arapahoe county 185 flowing wells upon farms have been enumerated, the depth ranging from 136 feet to 
858 feet, the average being 400 feet. The average cost of these was $420 and the discharge 13 gallons per minute. 
Comparatively a small amount of this water was used for irrigation, but for each well thus employed an average 
of 3 acres was irrigated. Most of the wells were drilled or driven for the purpose of obtaining water for domestic 
purposes, as it is far preferable to that obtained from the surface. 

The flowing wells are mainly found within an area which begins about 15 miles south of Denver and extends 
noilherly along the South Platte river for about 40 miles. The principal places within the artesian basin are, 
besides the city of Denver, Littleton, Petersburg, Island Station, and Brighton. The geological structure of this 
basis has been described by several writers, and the statistics regarding the artesian wells have been tabulated in 
detail. Among the first of the descrii)tions is that given in 1882 in a report upon the artesian wells upon the 
Great Plains by C. A. White and Samuel Aughey. This report, which covers the general subject of artesian wells 
upon the Great Plains east of the Rocky mountains, was written before the discovery of flowing water at Denver 
in 1883. A report upon the artesian wells of Denver, prepared by Whitman Cross and others, was published by 
the Colorado Scientific Society in 1884, as was also at a later date a second report upon the same subject, prepared 
by Charles G. Slack. This latter is an abstract of materials collected for use in the monograph ui)on the geology 
of the Denver basin by S. F. Emmons. 

Besides the reports prepared by Emmons, Cross, White, and other members of the United Stat-es Geological 
Survey, statistics have been collected by other persons, notably by L. G. Carpenter of the State Agricultural 
College of Colorado, these being printed in reports to the Department of Agriculture and in Bulletin No. 16 of the 
agricultural experiment station of Colorado. This matter having been so tlioroughly discussed in print it is not 
necessary to enter into further description. It is sufficient to state that the wells penetrate several alternations 
of clay and sandstone, most of the latter rocks containing water under hydrostatic pressure so gi*eat that it rises 
to the surface. 

The number of wells in the basin, especially in the vicinity of Denver, has increased so rapidly that it has 
resulted in a less discharge than formerly from tlic older wells. In the city it is plainly seen that the opening or 
closing of one well affects those in the immediate neighborhood, but in the country this is not so apparent. lu 
some cases the flow has entirely ceased, due either to tliis cause or to the clogging of the well by sand, or by losing 
water through some defect in the mechanical constru(^tion of the well. The water is generally soft and palatable 
and well adapted for domestic use. The quantity from any one well is so small that it is difficult to use it effectively 
for irrigation without the construction of reservoirs in which the water can accumulate until there is sufficient to 
give the field to be irrigated a complete saturation. 

Northeast of the Denver basin, in Weld county, a few deep wells have been drilled by towns for the purpose 
of obtaining water for general uses. In a few instances th<i water rises to the surface and flows at the rate of a 
gallon or more a minute. One of these wells, at Greeley, is reported to be over 2,250 feet deep, and others in the 
same place and at Evans are about 1,200 feet. The amount of water from the wells which flow is so small that it 
can not be considered as a fivctor in irrigation, especially in view of the great expense involved in obtaining it. A 
few flowing wells are found in »Jeft'erson county, where the water is used to a small extent on gardens. The flow, 
however, has decreased greatly, and in some instances stopped, so that it is necessary to use windmills to bring 
the water to the surface. 
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At Longmont, in Boulder county, 30 miles north of Denver, attempts bavebeen made to secure flowing wells, 
and also at Loveland, in Larimer county, 45 miles north of Denver, where a well was jmtdown to the depth of over 
2,4r>0 feet, but without success. 

Toward the southern part of the state, near the base of the Rocky mountains, several deep wells have been 
drilled, notably in the vicinity of Pueblo. The first well was bored in 1879 ftir petroleum and reiiched a total depth 
of 1,40() feet. At a depth of 1,180 feet water of mineral character, and having a temperature of 80 degrees fahrenheit, 
w^as found. This discharged at the rate of about one-quarter of a second-foot, or a little over 100 gallons per 
minute. Other wells have been drilled in the vicinity of Pueblo, but the water, so far as can be ascertained, has 
not been used for agricultural pur[)oses. West of Pueblo, In Fremont county, near Florence and Canyon city, a 
large number of wells have been drilled for the purpose of obtaining petroleum. Many of these wells would 
disi'.harge water more or less mineral in character if this were not shut oft' by packers. In the western part of the 
state deep drillings are reported at several towns, and also a flowing well at Montrose, in the county of the same 
name. No artesian wells, however, are reported by farmers. 

In the eastern end of the state, in the counties far out on the (Ireat Plains, large sums have been exi>ended 
in the attempt to secure artesian water. Deep wells have been sunk by railroad companies and other corporations, 
by towns, and in two instances by the national government under tlie direction of the Department of Agiiculture. 
At Akron, in Washington county, the water in the government well rose to within 55 feet of the surface. At Otis, 
about 12 miles east, a well 2,400 feet deep did not reai^h flowing water. In Cheyenne county, at Cheyenne Wells, 
2 deep wells were sunk without finding flowing water. One of these, an experimental drilling by the government, 
reached a depth of 1,740 feet. At Kit Carson, 25 miles westerly from this point, a well has been drilled to the 
depth of 1,300 feet, but without success. At Sheridan lake, in Kiowa county, about 25 miles southerly from 
Cheyenne Wells, deep drillings have also been unsuccessful. At Fort Lyon, near Las Animas, in Bent county, 
the government well, over 700 feet in depth, was unsuccessful. East of this x)oint, in Prowers county, there are 
reported to be a number of small flowing wells along the Arkansas river, the depth being given as about 230 feet. 

The great artesian basin of Colorado is in San Luis valley, flowing water being found at almost every point 
within the limits of the ancient lake bottom. The largest flowing wells are those in the vicinity of the town of 
Alamosa, the greater part of the water coming from a depth of 600 to 800 feet. The average depth of all the 
wells in the Dasin is only about 200 feet, and the cost was approximately $150 each. The discharge, taking large 
and small together, averages 53 gallons per minute. A trifle over one half the wells on the farms have been used 
for irrigation, watering an average of 17 acres each. This gives a water duty of approximately 1 second-foot to 
144 acres. 

In Conejos county the flowing wells are mainly in the northeastern corner, from La Jara to Alamosa. They 
vary in depth from 40 to 478 feet. The shallower wells yield a cold, palatable water, but that from the deeper 
wells is considered too warm for drinking. This latter class of wells is more valuable for irrigation on account of 
the higher temperature of the water, since it does not chill the plants. Many of the farmers report attempts at 
irrigation, but state that with the small shallow wells possessed by them these have not been successful, as the 
wells discharge such a small quantity of water that it can not be utilized except by the construction of reservoirs, 
which would impose additional expense. Other farmers, where the surfac*e of the ground is favorable, have 
constructed small earth reservoirs in which the water can accumulate until warmed by the sun in an amount 
suflicient to render irrigation practicable. 

There is general complaint that the water is allowed to run to waste and that some of the neighboring wells 
have been injured thereby. There is clearly a geiieral diminution in discharge, although this is not seen in all 
the wells, especially in the case of those in the thinly settled country. In the latter part of tlie crop season, when 
the small <litches of tlie farmers become nearly or quiti^ dry, the flowing wells are of especial beneflt, since the 
need of even a small amount of water at that critical time is imperative. In a few cases the water is so strongly 
impregnated with mineral matter that the farmers have not been successful in employing it for irrigation, but 
these instances are comi)aratively rare, and the well and river waters are often used together. 

In Costilla county the majority of the wells are in the northern and western part, on the lands irrigated by 
the large canals from the liio Grande. The water, as in the case of the otiier counties, is used mainly for houses, 
gardens, and for stock, since most of the farmers have an ample supply for irrigation from the dit<;hes which 
traverse the county in various directions. Some of the wells, however, are used in this manner, but it is stated 
that away from the vicinity of ditehes the wells are of comparatively little use in irrigation, for the reason that 
where the ground is perfectly dry to the depth of G or 8 feet or more, the small amount of water from an ordinary 
flowing well is completely lost belbre it can cover an area of any considerable size. 

In and near Alamosa are several flowing wells which have attracted considerable attention from the fa(jt that 
when properly regulated one at least will throw water to the height of upward of 40 feet, and when flowing 
freely will discharge as high as 1 cubic foot per second. The water from some of these wells is run into depressions, 
and ponds have been made in which the raising of flsh has been begun, and it is possible that enterprises of this 
character may jMove p otitable in a small way. 
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IRRIGATION. 



Id Rio Grunde county the flowing wells are found mainly in the eastern end, near Monte Vista and other 
towns. Very few of the farmers use this water for irrigation on account of the fa€t that it is too cold and clear, 
not carrying the line silt of river water. Exposing the artesian water in reservoirs, so that the sun will warm it, 
has not been tried to any considerable extent. Nearly all the wells have been put down for household uses, since 
most of the farmers have an ample supply for irrigation. Tiie flow has not dimii^ished by any notable amount. 

In Saguache county the flowing wells are widely distributed in the eastern and southern parts of the county. 
As in the case of the other counties, they were drilled or the pipe was driven for the purpose i)riinarily of obtaining 
pure water for household use, especially in winter, and at such other times as the irrigating canals were not filled. 
The wells at first sunk were quite expensive, but at the present time they are put down very cheaply, the current 
price given being 30 cents a foot for a 3-inch well and 50 cents a foot for one inches in diameter. The cost 
of many of the wells is very small, from the fact that it has been found that wells will flow without the use of 
casing, exceptfng one or two joints at the top sufticiently long to reach into the thick beds of clay. The (ilay is so 
cohesive that it forms the wall of the well and does not fall in or become pressed out of place. The practice of 
not using casing, however, is in general to be condemned, from the fact that if several layers of porous sands or 
gravels happen to be encountered in sinking the well the water of one of them could pass freely into another and 
possibly be lost, not only injuring that particular well, but diminishing the supply for the whole neighborhood. 

The«pressure of the water in most of the wells has decreased somewhat, and from all the evidence i)resented 
is probably diminishing grailually as other wells are sunk. The small expense of procuring the flowing water is 
favorable to tlie rapid development of the artesian area, in spite of the fact that many of the settlers are i>oor. 
As more of this fertile valley laud is brought under cultivation and new homes are built the flowing wells are 
multiplied, so that it is only a question of a short time when measures must be enforced to prevent waste in order 
that all may not suffer. 

CONDITION OF IRRIGATION IN EACH COUNTY. 

The distribution of irrigation in the various counties is shown by the following table, which gives the number 
of irrigators, the area irrigatt^d, and the average size of the farms, or rather of the portions of farms, on which 
irrigation was piacticed. This is followed in turn by a general description of the condition of agriculture in each 
of these counties. 

NUMBER OF IRRIGATORS, AREA IRRIGATED, FARMS, AND CROPS IN COLORADO IN 1889, BY COUNTIES. 



OOl'NTIES. 



Num- 
ber of 
irri- 
gatorn. 



Averace ! 
Area Hize of ] 
irrigated j irrigated 
iu acrt'M. i farms in ; 
acres. 



'rot«l 9. G59 ; 890. 735 



Arapalioe . 
ArcDuleta 

Kara 

Bent 

Ikiulder... 



Chaffee 

Oheyenne . . . 
(.'Icar Creek . 

Couctjos 

Costilla 



Custer . . 
Delta . . . 
Dolores . 
Douelas. 
JSagk' . . . 



Elbert . . . 
£1 Paso . 
Fremont 
Garfield . 
Gilpin... 



Grand — 
Gannisou 
Hinsdale. 
Huerfano. 
Jefferson . 



Kiowa 

Kit Carson , 

Lake 

I^ PlaU . . . 
Larimer. . . 



Las Animas. 

Lincoln 

Logan 

Mesa 

Moi^te^pma , 



520 

45 

2 

, 83 

449 

148 



12 I 

387 I 
196 I 

221 
312 

12 

96 
176 

32 

139 i 
312 ; 
314 



352 
46,273 I 
25, 918 

20, 997 
17. 846 , 

216 

5,690 

14,250 

2.616 
10, 959 
13, 508 
14,037 



98 
165 

19 
400 
470 



10.281 
20.115 
1.389 
22. 21>4 
40. 829 



36 

2.^o 

709 

353 
5 

73 
310 

29 



6. 591 

11,785 

103. 483 

22. 891 
334 

8.970 
13. 7r8 

2. 122 



35, 619 


68 


3,084 


69 


60 


30 


4,221 


51 


70, 962 


l.'iS 


11.994 


81 



29 
i20 
132 

95 
57 
18 
.-.9 
81 

S2 
79 
43 
47 



105 

122 

73 

87 



18:{ 

51 
135 

65 
67 
123 
45 
73 



OWNERS OK 

PAiua.*i. ia) 



Total 
num- 
ber. 



Per 
cent of 
popu- 
lation. 



92 I 16,:{89 3.98 



1.780 

59 

310 

120 

463 

151 

49 

13 

398 

207 

325 
313 
18 
347 
187 

303 
531 
324 
327 

:i5 

105 
176 
27 
517 
783 

170 

305 

41 

295 

845 

(130 

98 

248 

321 

35 



1.35 
7.14 
20.96 
9.14 
3.29 

2.28 
9.18 
0.18 
5. 5.3 
5. 93 

10.94 
12.35 

1.20 
11.. M 

5. 02 

16.33 
2.50 
3.54 
7.30 
0.60 

17.38 
4.04 
3. 13 
7.51 
9.27 

13.68 

12. 34 

0.28 

5.35 

8.70 

3.66 
14. 22 
8.08 
7.54 
2.29 



IRUIUATOK.S. 



I Per 
! rent of 
, farm 
I owners. 



Per 
cent of 
popu- 
lation. 



04.69 

68.00 
99.68 
66.67 
27.67 
94. 12 

10.56 
26.18 
96.30 
96 02 



93. 33 
93. 75 
70. 37 
77.37 
60.03 



87.80 
77.97 
91.01 



50. 0.3 
5. 10 
29.44 
96. 57 
82. J; 6 



0.25 
4.17 
7.92 

2. 05 
0.73 

2. m 

7.28 
1.90 



58.94 


2. 34 


29.21 . 


0.39 


76.27 


5.45 


0. 65 


0.14 


09.17 


6.32 


96.98 , 


3.19 


98.01 


2. 24 


92.31 


0.17 


97. 24 1 


.''..38 



5.61 

7.44 
12. 31 
0.80 
3.19 ' 
4.72 

1.72 
0.65 
3.41 
7.01 



16.23 
3.79 
2. 20 
5. 81 
5.56 



FARM AREA. 



An^a of 
<:ounties 
in acres. 



Acrts. 



66.332.800 4,598,941 



3, 340, 800 
704,000 

1, 472, 000 
900,000 
505,600 

736,000 

1,152,000 

249, 600 

768,000 

1.100.800 

460,800 
736.000 
640,000 
537.600 
1.024.000 

1.203,200 I 
1.702,400 I 
1.024,<K)0 
2, 080, 000 
96,000 

1,344.000 
2, 048. 000 

896.000 
1.024.000 i 

550.400 

1.152.000 
1,376.000 
288,000 
1,190,400 
2. 624. 000 

3. 0C8. 000 
1,604.000 
1,171.200 
1.920.000 
1.689.600 



437, 433 

9,781 

63,401 

30, 058 

107. 857 

28.996 

8.829 

5,899 

87.589 

64,749 

79,847 

.50. 763 

2,800 

292, 726 

37. 541 

157. 203 

281,669 

52,868 

54. 323 

7,986 

27.768 

37.329 

5. 008 

116, 415 

171,304 

28, 812 
62.966 
13,973 
56.220 
272, 918 

166.960 

26. 066 

63, 399 

48,680 

7,039 



Per cent 
improved. 



39.65 

33.29 
44. 01 
2.5. 75 
41.06 
86.37 

50.02 
24.87 
16. 99 
63. 99 
38.78 

30.46 
38.60 
10.46 
6.80 
45. 08 

19.97 
45. 22 
33.06 
31.66 
30.92 

53. 69 
62. 21 
66.21 
35.57 

48.27 

22. 76 ' 
20. 36 
62.91 
31.39 
53 01 

37.34 
16. 53 
55.16 
4:1. 49 
63.32 



Cereals. 
(Acres.) 



Alfalfa. 
(Acres.) 



^ .-- J 





351, 086 

i 


126, 531 


33, 708 

076 

1.187 

1.983 

30, 543 


1.5,626 

72 

11 

1.834 

10. 426 


3,956 
640 


732 
1 


10,602 
4.770 


53 
333 



5.663 
.5.032 
27 
3, 726 
2. 404 

2.623 
3,857 
3. 872 
3.099 



3 
198 



4.629 
12,160 

1,974 

6,171 

51 

3,885 

38,869 

4.274 

647 

4.971 

5,901 

402 



1,811 
932 

2,377 
2.388 
2,211 
1.075 
265 



9 



2,144 
12.291 



AREA ULEIOATBO. 



Per I 
cent of 
area of I 
county.! 



Per 

cent of 

total 

farm 

area. 



l»er 
cent of 

land 
owned 
by irri- 
gators. 



432 i; 
4,235 



2,518 

8,787 

3.001 
100 
2.013 
4.107 ' 
708 I 



1.34 19.37 



1.07 
0.44 
0.00 
0.44 
14.01 



8.14 
31.53 

0.09 
14.01 
65.79 



1.63 41.36 



0.14 
6.03 
2.35 



5.97 
52.83 
40.03 



0.76 
0.98 
0.16 
2.18 
7.42 



37.02 
53.89 
27.74 
19.15 
23.83 



2.29 
0.99 
3.94 

0.76 
0.02 
0.77 
0.72 
0.13 



47.17 
20.96 
37.92 

13.71 
1.28 
14.15 
28.34 
30.15 



31.09 

29.20 
33.78 
18.74 
15.88 
06.54 

4L25 



5.96 
52.29 
39.88 



4.56 


26. 30 


82.87 


2.42 


35.16 


35.03 


0.03 


7.71 


1L25 


1.06 


1.95 


4.29 


1.39 


37.96 


37.92 


0.22 


1.66 


6.14 


0.64 


3.89 


8.46 


1. 32 


25.55 


24.57 


0.70 


26.94 


26.82 



37.02 
53.91 
36.72 
21.83 
44.36 



48.65 
23.16 
39.97 

22.57 
5.66 
37.89 
28.29 
30.14 
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a Inc 1 .ile.H owned and hired farms, as'^nming one farmer to each. 
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NUMBER OF IRRIGATORS, AREA IRRIGATED, FARMS, AND CROPS IN COLORADO IN 1889, BY' COUNTIES— Continued. 



OWNERS OF 
FARMS. 



IRKIUATORJS. 



FARM AREA. 



(OIXTIKS. 



Niiiu- 
ber of 

irri- 
•fatorn. 



Area 

irri^atinl 
iu acruM. 



I 



Average 

Hize <if 

irrigatiHl 

farmH in 

acres. 



Mod t rose 
M<ir j^an . . 

Otero 

Oiirov. •• • 
Park* 



riiillips.... 

Pitkin 

I'rowers 

Piiehlo 

Rio BlaDco. 

RioGian<1e. 

Roiitt 

•Ba^ruacbe... 
Sail Juan . . . 
San Miguel. 



462 
97 

1.39 
94 

I.IC 



27. a61 
10,443 
16, 431 
7.894 
24. 01") 



.'>9 
170 

118 

177 



Sedgwick . . . 

Summit 

WaHhinj'tGn 

Weld 

Yuma 



115 

18 

200 

135 

195 
280 
2Ht 



I 



,7,W1 , 
1,808 

10.930 1 
7, .532 

21. 707 
16.323 
.li, 4.5:{ 




2. 125 



01 

100 

53 

50 

112 

58 

210 



Total 
nnm- 



560 
147 
177 
9C 
171 

40H 
110 
101 
325 
191 

198 
367 
262 



Per 
c<!nt of 

^>opu- 
itiou. 



14.30 
9.18 
4.22 
1.47 
4.82 

15.44 
1.30 
.5. 13 
1.03 

15. 92 

.5. 74 

15.49 

7.91 



J»er 



Per 



cent of cent of 
fairm i popu- 
' owners. I lation. 



Area of 
eouDtieB 
in acrhs. 



ACH'S. 



81.20 
(iTi. 99 
78.53 
97.92 
79.53 



11.61 
6.06 
3. 32 
1.44 
3.83 



99.14 

17.82 I 
63. 38 
70.68 

98.48 ' 
76.29 ' 
91.60 : 



1.29 

0.91 

0.65 

11. 25 

5. 65 

11.82 

7.24 



3^ 



1,316 

720 

112.080 

373 



06 
720 
107 

75 



88 

I 

280 ' 

20 : 

351) I 

1.225 

136 



3.03 

21.66 
1.05 
15. 47 
10.44 
16. 80 



04.77 



1.96 



1,472. 

825. 
1.312. 

288, 
1.344, 

364. 

608, 
1,056, 
1.5.36, 
2, 304, 

800, 

3, 840, 

2. 073. 

320, 

8:{2. 



000 
600 
000 
000 
000 

800 
000 
000 
000 
000 

400 
000 
600 
000 
000 



ia3, 345 
52. 100 
61,347 
16.998 

120. 567 

94,302 
21,066 
46,447 
100, 697 
36, 675 

55. 793 

93. 872 

200, .587 



Per eeut 
iuipiovetl. 



35. 36 
42. 14 
40.72 
.59. 86 
.36. 76 

20. 82 
40.07 
20. 92 
48.17 
47. 33 

.59.11 
.59. 08 
25. 24 



Cereals. 
(Acres.) 



Alfalfa. 
(Acres.) 



ARBA IRRIGATED. 



9. 083 
2. 643 
3.417 
2. 5.39 
384 

10.061 

1.981 

554 

2.838 

1,366 

7,817 

577 

4,267 



7,059 

2, 823 

4.988 

583 



Per 
cent of 
area of 
connty. 



1.86 
1.99 



Per 

cent of 

Uital 

farm 

area. 



Per 
cent of 
I laud 
'. owned 
I by irri- 
< gators. 



1.25- 

2.74 

1.79 



20.48 
.31.56 
26.78 
46.44 
19. 92 



I 



31.88 
37.90 
31.01 
46.35 
20.75 



456 

257 

3, 372 

157 

311 
339 
392 



1.16 
0.17 
0.71 
0.33 

2.70 
0.43 
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0.26 



13.48 
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42 

24. :{80 

248 



0.30 
0.10 
4.30 
0.05 



35.76 I 
0.93 I 

30. .39 I 
0.34 ' 



35.76 

90.00 

43. 2» 
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Arapahoe county comprises a long, narrow strip of land in the northeastern part of (Joiorado, extending 
nearly half across the state. In the extn^nie western end is the city of Denver, and the connty stretches east to 
the Kansas line. Nearly all of the irrigated hind is along the Sonth Platte, which flows northerly through Denver. 
Many large canals take water out from this river or from the tributaries coming in from the west, the principal of 
which are Bear and Clear creeks. East of the river are many streams crossing the county from soutli to north 
and finally emptying into the South Platte, but most of these only carry water during times of flood, and are dry 
during the summer. Many attempts have been made to raise crops throughout the eastern part of the county. 
The soil is rich, but the rainfall is very uncertain. By careful cultivation, some crops are iirofitable, but there is 
little certainty owing to the i)revailing summer droughts. Near the Kansas line, corn, oats, wheat, barley, and 
potatoes are raised, but the yield per acre is sometimes less than half that on irrigated land. Many settlers have 
tried for two or three years, but their attempts at farming have been so discouraging in the results attained that 
they have either left or are trying to make a living by raising stock. Water in many places can be obtained 
only by wells of from 80 to 2()0 feet in depth. 

The south fork of the Republican river and its principal tributary, the Arikaree, flow diagonally across the 
eastern end of the county, furnishing a small amount of water for irrigation, the ditches being very small and 
taking water to the ranches of one or two individuals. In the Arikaree valley the crops during the census year 
were fairly good considering the prevailing drought. On the high, level divides between the streams farmers 
have not been as a rule successful, and it is stated that the surnmnding country is fast decreasing in population. 

The canals in the vicinity of Denver are anumg the largest in the arid regions. Taking them in general 
geographical order, the first of importance on the east side of the South Platte is the Northern Colorado Irrigating 
Company's canal, which heads in Douglas county and covers lands east of Denver. Below this are the Platte 
Water Company's ditch and many smaller ditche '. taking water from Dry creek, Little Dry creek, and Cheny 
creek. North of the city, and on the oa t side of the river, are the Burlington, the Duggan, and the Fulton, the 
latter extending beyond Fort Lupton in Weld county. On the west side of the* South Platte in this county are 
the Last Chance and Nevada ditcthes, takii:g water from the river, and the Agricultural ditch, taking water from 
Clear creek below Colden, besides a number of small ditches depending upon Bear creek for their supidy. North 
of Denver are the ditches from Clear creek, the most important of these being the Colorado Agricultural ditch 
and the Clear Creek and Platte Kiver ditch. The aggregate capacity of the canals and ditches exceeds the water 
supply, and excei^t in times of flood some of the canals can not be filled. There is more or less complaint that 
owing to lack of restrictions si)eculators have built (canals and sold water rights which are practically valueless. 

The Northern ("olorado Irrigating Company's canal, known as the Platte canal, or more commonly the 
''Highline", heads in the Platte canyon, about 20 ndles above Denver, and covers lands on the east side of the 
river in the vicinity of the city. The total length with the Sand Creek branch 4s 85 niile^, and the average width 
for the first 50 miles is nearly 40 feet. The grade is 21 inches to the mile and the average depth of water 4 feet. 
The total cost was 8050,000. The canal was begun in 1870 and used in 188:5. Water is diverted by a dam 120 feet 
long ami 14 feet high, made of heavy timbers and provided with a masonry wasteway. There are about 200 
laterals, each from one-half mile to miles in length, and all belonging to farmers. Water rights in this canal 
have sold for from 8->5 to $40 per Jicre. The annual assessment, $1.75 per acre, is that established by the county 
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commissioners. The water supply is usually short once or twice during the season, owing partly to the fact that 
it is taken by other canals and ditches, although these do not have prior rights to it. (a) 

The city ditch heads below the canal just described on the same side and runs along the east bank of the 
river, carrying water to the city of Denver. It is 28 miles long, 10 feet wide, and cost about $65,000. It was begun 
in 1859 and used in 1865. The canal is owned by the city of Denver, which purchased the entire control for the 
purpose of supplying water to the gutters of the streets of the city, thus irrigating the trees and parking along the 
sides. Until the construction of the Highline ditch it was the most important work of its kind east of the Platte 
river. 

The Agricultural ditch takes water from Clear creek out upon the lands on the south side and runs in a 
southeasterly direction, ending at the Platte river at a point 7 miles south of and above Denver. The total length 
of the ditch iS:i^5 nutes, the average width 8 feet, and the cost was $50,000. It was begun in 1874 and used in the 
following year. It is owned by a company and the water is divided among the shareholders. 

Archuleta county lies west of the continental divide and adjoins Rio Arriba county. New Mexico. It 
contains a comparatively small amount of agricultural land and has a large, well distributed water supply. The 
population is small and scattered, mining and stock raising being the principal industries. Nearly all crops can 
be raised without irrigation, although with water applied at the proper time the yield is increased. The San Juan 
river and its tributaries flow across this county, carrying at all times a large quantity of water, the amount of 
which has not been measured. Along each of these streams one or more ditches have been taken out for irrigating 
grass and other crops finding a ready market at the mining camps. This part of the state, however, is so remote 
from largo markets and the expense of transportation is so great that the development of agriculture must be 
slow. Surveys have been made for ditches of from 4 to 10 miles in length to irrigate lands in the vicinity of Pagosa 
Springs. The expense of constructiou in this mountainous country is great and progress of necessity is not rapid. 

Baca county is in the southeastern corner of Colorado, adjoining Kansas and the public land strip. It is thus 
far out in the Great Plain region and on a part of it where the water supply is unusually small. The Cimarron 
river cuts across the southeastern corner, furnishing a small amount of water which can be diverted by ditches to 
the ranches on the bottom land. The northern part of the county is crossed by the drainage channel of Two Butte 
creek, which leads into the Arkansas, and by that of Horse creek and other tributaries of Be^r creek, which, 
continuing easterly into Kansas, Is lost in sinks among the sand hills. There is very little water in these channels 
except after heavy rains. 

The population of the county is scattered, about the only occupation being stock raising. In 1887 there was 
an influx of settlers, but many of these left during the succeeding years on account of drought. The principal 
part of the area in cereals was devoted to Indian corn, besides this there being some sorghum and vegetables 
raised. A large part of the surface of the county is covered by sand hills, and the agricultural possibilities appear 
to be small. 

Bent county is northwest of Baca, including lands on both sides of the Arkansas river. Within this 
county are several large canals, which have been extended from Pueblo and Otero counties on the east, and also a 
few ditches deriving water from the Arkansas within the county limits and covering lands in the vicinity of Las 
Animas. Many of the farmers, depending for their supply upon the large canals, complain that at this distance 
from the head they have not been able to obtain a sufficient amount of water, having only one-half or three- 
quarters the quantity for which they have paid. For this reason they state that they have been afraid to make 
many improvements, such as setting out orchards. There is a demand that the canal companies be prevented 
in some way from selling water rights unless there is reasonable assurance that the quantity of water called for 
can be delivered. Agriculture in this and the adjoining counties has been but lately develox)ed. In 1887 and 
1888 only a few acres were cultivated, the principal industry being the raising of cattle and horses. By the 
construction of the large canals, however, agriculture is rapidly advancing, the chief drawback being, as 
previously intimated, the uncertainty regarding the ability of the canal companies to keep the system in repair 
and furnish water at all times. 

Measurements of the amount of water in Las Animas river, which flows into the Arkansas near the town of 
Las Animas, were made during 1889, giving the results shown in the table on the following page. This stream is 
also known as the Purgatoire or, in common parlance, the Picket Wire. It is a stream which near its head waters is 
of considerable importance, but the portion of its drainage channel traversing the plains region does not receive a 
perennial supply of water and through a great part of the year is completely dry. 



aFor a more complete description and a view in ttie canyon nee a paper by H. M. Wiliion on American irrigation engineering. Tranaactions .American Society 
of Civil EngineurM. volume 25. pages 117-119. 
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DISCHARGE OF THE LAS ANIMAS OR PURGATOIRE RIVER AT LAS ANIMAS, COLORADO. 

(Dminage area, 3,040 square milefi.) 



DISCHARaR IN SECOND- FEKT. 



RUN-OFF. 



MONTHS. 



Maxi 
mum. 



Miui- 
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Total for 1 
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inches. I square 
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1889. I 

May22to 31 55 

June 170 

July 1.770 
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11 

27 

8 

6 

6 



22 
70 
280 
09 
40 



1,353 
4,165 
15,990 
4.243 
2,380 



0.01 
0.03 
0.10 
0.03 
0.01 



0.01 
0.02 
0.09 
0.02 
0.01 



Boulder county is in northern Colorado, northwesterly from Arapahoe county. It extends from the summits 
of the Front range easterly to the plains, and thus comprises on its western side a high catchment area from which 
a large amount of water comes, and on the east many thousand acres of fertile land upon which the water is used. 
The facilities for irrigation are almost unrivaled, and the county contains the largest proportion of irrigated land 
of any county in the United States, amounting to 14.04 per cent of the total area. 

The boundaries of the county are so located as to include nearly all of the drainage basin of St. Vrain creek 
and of its principal tributary, Boulder creek. These streams are formed by the union of a number of torrents, 
each of which is fed principally by melting snows in the mountains. At and below the point where these creeks 
leave the canyons and enter upon the plains are the headworks of many irrigating canals and ditches, taking the 
water out upon each side and forming a network over the country. The slope of the land surface and of the 
streams is sufficiently great to allow the canals to be carried back almost at right angles to the source of supply, 
thus covering the land between the two tributaries. So many systems of irrigation have been constructed that it 
is impossible to All all with water, and during the summer some of the ditches are nearly dry, thus resulting in 
more or less loss to the farmers. Each year more land is brought under cultivation than can be satisfactorily 
irrigated unless there is an exceptional amount of snow in the mountains. 

To supply the deficiency of water during the summer season many depressions in the surface have been 
utilized as reservoirs in which flood waters are stored. These are comparatively few in number and by no means 
sufficient for the needs of the farmers. It will be necessary to make use of every facility for water storage not 
only near the lands to be irrigated but also higher in the mountains, in order to greatly increase the area 
irrigated. Even when this is done it is doubtful whether all of the arable land of the county can be cultivated 
each year. The farmers complain that ditches are being built or enlarged partly for speculative purposes, and 
they do not believe it right to encourage the extension of irrigation until water is provided for the lands now 
cultivated. In many instances they state that they can not follow any system in the application of water to the 
soil, from the fact that they must use the water at times when they can get it, rather than when the plants need 
moisture. 

St. Vrain creek and its tributaries, with the exception of Boulder creek, form water district No. 5, the lower 
portion of this being in Weld county. In this district it is stated that the amount of water decreed to the various 
ditches is over nine times the average discharge of the creek during the irrigating season; in other words, if the 
water is divided equally each ditch must receive less than one-ninth of the water to which it is apparently entitled. 
In the report of the water commissioner for this district 01 ditches are enumerated, having an aggregate tength of 
244 miles. The drainage basin of Boulder creek forms district No. 6, which also extends into Weld county. The 
60 ditches given in this district have a total length of 258 miles. 

The principal irrigating ditches in the county are as follows: on the north side of St. Vrain creek are Supply, 
Highland, liough and Really, St. Vrain and Palmerston, Longniont Supply, Chatman, Oligarchy, Demio and 
Taylor, jind the Farmer ditches. On the south side of St. Vrain creek are South Ledge, Swede, James, Pella, 
Niwot, South Flat, and the Bonus ditches. On the north side of Lefthand 6reek are Tollgate, Table Mountain, 
Badger, Holland, Cochran, and Williamson ditches. On the south side of Lefthand creek are Altoona, Crocker, 
Badger No. 2, Johnson, Star, Farmers, Hornbaker, arid other ditches. On the north side of North Boulder creek 
are the Farmers, Boulder and Whiterock, Boulder and Lefthand, Revolution and Legget. Between North and 
South Boulder creeks are the Mcintosh, Dry Creek, and Howard ditches, taking water from South Boulder creek. 
On the south or east side of this latter creek are the South Boulder and Coal creek, Community, Davidson, 
Goodhue, Marshall ville, Doggett, Dry creek, (-ottonwood. Barter, Lower Boulder, Matthews, and other ditches. 
A description of a few of these will serve to give the general character. 

The Highland ditch, on the north side of St. Vrain creek, is about 35 miles long, 15 feet wide, and cost 
$40,000. It was built in 1871 and partially used in the following year. The water supply is insufficient, but it is 
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to be increased by the use of reservoirs, filled iu April and May and utilized in the latter part of June aud July. 
Tlie present selling value of the water rights is stated to be about §20 per acre. The Rough aud Ready ditch, 
below this and in a general way parallel to it, is 15 miles long, about 12 feet wide, and cost nearly 810,000. The 
value of water right per acre is statM to be about 810. Attempts are being made to increase the water supply 
by storage reservoirs, since a large amount of grain is lost ea<ih year under this, as 'well as under other ditches, 
because of scarcity of water. The Oligarchy ditch is about 15 miles long, 12 feet wide, and cost 80,000. It is owned 
by farmers using the water. As in the case of the other ditches, there is complaint of scarcity of supply. The 
Boulder and Whiterock ditch is about 25 miles long and cost 835,000. It was begun in 1873 and used in 1874. 

Chaffee county is about the center of tlie state, lying between the Park range on the east and the Saguache 
mountains on the west. It is near the head waters of the Arkansas river, this stream rising to the north in l*ark 
county and flowing southerly tlirough Chaffee and Fremont counties to the Great Plains. The general altitude of 
the agricultural lands in the valley is from 7,000 to 9,000 feet, these extending along the Arkansas and its principal 
tributaries. The streams which come from the mountains on each side of the ccmnty are utilized for urigation by 
many ditches. A map published by the state engineer and covering the irrigated portion of this county shows 
nearly 150 of these. No crops are raised without irrigation on account of the deficiency of moistui*e during the 
summer. The supply of water in the streams, however, is usually good, although there is necessity each year for 
careful division of it during the summer. Nearly all cereals and vegetables are raised, the altitude being in most 
places too high for the success of corn and many fruits. Most of the wat€r, however, is used for producing hay or 
on the meadows and other pasture lands. 

The amount of water available for irrigation has been measured at a few i)oints in Lake county (which see) 
and also within this county. Gaugings of Clear creek were made near Granite from April to October, 1890, showing 
that the maximum discharge was 435 second-feet and the minimum 12 second-feet, the average for this time 
being about 1.33 second-feet. The drainage area at the point where measured is 72 square miles. Both the middle 
and south forks of the Cottonwood were gauged near their junction west of Buena Vista, the observations continuing 
from April to August. The average discharge of the middle fork was 05 second feet and of the south fork 71 
second-feet. These measurements were made by the United States Geological Survey for the purpose largely of 
determining the value of these streams for storage purposes. 

For the needs of the county itself there js comparatively small demand for water storage, but there is great 
necessity for holding at these high altitudes as much of the flood water as possible for the dry lands farther down 
the river on the Great Plains. There are, however, a number of small projects undertaken by irrigators in this 
county having in view the saving of water for their own use during the summer, and work has already been begun 
on small reservoirs. Taking the county as a whole there is probably greater need of more careful use of the water 
available than there is of incresising the amount by storage. 

Among the principal ditches of the county may be mentioned the Missouri Park ditch, taking water from the 
South Arkansas and carrying it out on the north side northeasterly to the valley of the xVrkansas. It is about 4 
miles long, 10 feet wide, and cost about 85,000. It was begun in 1880 and used in 1882. Below this is the Hill 
and Sprague ditch, coming out on the same side and in a parallel direction. It is about 6 miles long, 4 feet wide, 
and is owned by private parties. The Willowdale ditch takes water from Chalk creek out on the south side of the 
valley. It is about 5 miles long, G feet wide, and cost 82,500. It is owned l)y private parties and irrigates about 
250 acres. From all sources of water supply there are to be fimnd many little ditches running in nearly parallel 
courses, a number of which might be replaced by one good canal cairying water to the land with less loss and 
greater efficiency. 

Cheyenne county is on the eastern side of the state. It is far out on the Great Plains and may be taken 
as a fair representative of the counties within this almost arid region, where cattle raising is the principal industry. 
Few crops can be produced without irrigation, and foi- this latter method of agriculture there is almost no water 
supply. Farming without the application of water has been tried and in some localities has been partly successful. 
Fruit trees have been set out as an experiment, and many of these survived the drought of 1890. Sorghum has been 
cultivated, but with little success. Big Sandy (Tcek an<l its tributary, Rush creek, are in the western end of the 
county, but these seldom have any water in the channel except that which may be percolating through sandy 
beds. Occasionally after a heavy storm these creeks and the dry arroyos become torrents for a few hours, the 
flood quickly disappearing. In the eastern end of the county are the head waters of the Smoky Hill river, which, 
rising in springs, flows easterly. The amount of water in thefte is almost insignificant, and it is soon evaporated or 
lost. Attempts have been made to secure water by means of wells. The town of Cheyenne Wells is supplied by 
a steam pump drawing from a well 250 feet deep. Within 5 miles there are two other wells, one 250 feet, the 
otlier iHK) feet in depth, both of these being pumped by windmills. At other parts of the county water is obtJiined 
at less depths and in quantities sufficient for cattle. The soil, as usual on the prairie, is rich, and with sufficient 
rainfall produces large crops, but unfortunately there are comparatively few years during which the precipitation 
is heavv. 
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Clear Creek county covers a small are;* »f tlie eastern slope.-j of the Front range weat of the iiity of Denver. 
It couxists largely of high moaiitiviiis with narrow valleys, and is notable for its mineral wealth. There is very 
little Iau<l favorable for agriculture, auil the altitude is too great for the success of moat crops, (ieorgetown. the 
county seat, being at an elevation of 8,484 fe«t. Along the creek below Georgetown small areas ofland have been 
brought under irrigation, mainly for the purpose of raising hay. 

OoMEJOs COUNTV is on the south side uf the state, west of the Itio (Iraude, and between it and the Kummits of 
the San Juau mountains. It thus includes the southwestern portion of San Luis park and adjacent watershed. 
The altitude of Alamosa is 7,531 feet, and of the town of Conejos 7.8SU. The princi|>al agricultural land of the 
valley is between or io the vicinity of these places, and thus is at an elevation higher than that at which many of 
the cmps of the temperate zone are ordinarily raised. The climate, however, is relatively mild, anil the yield of 
the cereals smd forage crops is large, as is the case throughout this \8lley. The water .supply of the county is 
unusually good, a number of large streams coming out from among the San Juan mountains. The princi[>al of 
these are Alamosa, Lajara, Conejos, I'iuoa, and San Anfamio creeks. All of these on reaching the valley rapidly 
change in character f^om mountaiu torrents aiul apparently lose a large proportion of their waters in the pervious 
bottom lands. The larger streams cross. the low lands and flow into the Kio Grande, while others do not contribute 
water to this river except at flood times. Few ditches are taken from the Kio (traude in this county on account of 
thedifliciilty of diverting water, but theri^ are a uuml>er.of large canals, mainly iu Kio Grande county, which extend 

MAP Of PRINCIPAL IRRIG.VriNG CANALS OF CONEJOS AND KIO GRANDE COUNTIES, COLORAIIO. 
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x)ver the line and irrigate lands west and south of Alamosa. The amount of water in most of the creeks is large, 
and when properly used is probably ample for lands now cultivated. Under the various ditches and canals there 
are, however, large tracts which, if fully irrigated, will require the maximum amount discharged by the creeks. 
Many of the farmers are of Mexi(;an descent, cultivating their land according to old methods and using the small 

•ditches constructed years ago. 

The oi)inion is commonly expressed by the irrigators that in order to utilize all the land under ditch it will be 
necessary to store flood waters at suitable places in the mountains or near the foothills. The amount of water 

claimed by each ditch is in most cases far greater than is usually received, and the aggregate amount of water 
adjudicated to various claimants is throughout the valley enormously in excess of the quantity discharged by the 
stresims even in times of flood. During the drought of 1889 some of the crops were lost or injured by the fact that 

*one or more of the large canals was deprived of water at a critical time owing to legal complications and decrees. 
In 181K), however, there appears to have been ample water for all. 

The principal ditches of the county, omitting the large canals heading on the Rio Grande, are: on the north 
side of Alamosa creek, the Settler, Norland, Scandinavian, and on the south side the Valdez, Miller, Union, 

-and others; on the north side of the Conejos, the Northeastern, Mogote, Berkshire Farm, and on the south side 
Tftos Valk^y, Ancon, and others. The Scandinavian ditch, covering land on the north side of Alamosa creek, is 5 
miles long, 14 feet wide, and cost $5,fM^. ft w«s toguu in 1887, used the following year, and finished in 1890. In 
1889 about 200 acres were irrigated, the greater part of this being in wheat and the rest in oats and potatoes. The 
Valdez ditch, on the south side of the creek, heads Higher up near the foothills. It is 6 miles long, 12 feet wide, 
and cost $1,500. Work on this ditch was begun in 1873 and it was used soon afterward. In 1889 about 400 acrc^ 
were watered, the principal crops being wheat, oats, potatoes, and peas. 

The Miller ditch heads on the south side of Alamosa creek about 5 miles below the Valdez. It is 6 miles long, 
10 feet wide, and, since an old dry channel was used for about 4 miles, the cost is estimated to have been only about 
$500. Work was begun in 1885 and completed in the following year. The Union ditch heads about 3 miles below 
the Miller and not far from the Scandinavian on the opposite side. It follows a course in general x>arallel with 
Alamosa creek and, at a distance of a mile or more. It is 10 miles long, 10 feet wide, and cost $8,000. It was 
built in 1876, and in 1889 irrigated about 2,500 acres in wheat, oats, potatoes, barley, and grass. 

The Los Piuos ditch may be taken as an example of one of the old works of the country. It heads on the south 
«ide of Pinos creek near the state line. It is a little over 3 miles in length and 4 feet in width and was built 
probably in 1851. It is owned by private parties, who select one of their number to take care of the ditch and 
divide the water. In 1889, 405 acres in wheat, corn, oats, barley, potatoes, and pease were irrigated. The Mecitos 

-ditch takes water from the north side of Conejos river about 5 miles above the town of Conejos. It is 4 miles long 
and C feet wide. It was built in 1857 and is owned by private parties. The Mogote ditch heads about 2 miles 
below the Mecitos and continues in a general northerly direction to Lajara creek. It is 17 miles long, 12 feet wide, 
and cost $10,000. It was begun in 1887 and finished in the following year. It is stated that in this .vicinity, as the 

. years go on, less and less water is needed for irrigation, and that some of the lower lands are becoming so saturated 
as to require drainage. 

Costilla county is on the eastern side of San Luis valley and extends from the Culebra range to the Rio 
Grande, this stream forming the boundary line between this and Conejos county. In the northern end are the San 
Luislakes, which in time of floods receive some water from San Luis river and from creeks rising in the Sangrede 
Christo mountains. The principal streams flowing toward or into the Rio Grande in this county are Trinchera, 
Culebra, and Costilla creeks, each of these draining a considerable area of mountain land. The valley as a whole 
falls toward the center with very gentle inclination and also has a decided slox>e toward the south. The Rio Grande, 
however, is upon a low ridge, the bed of the stream being higher than lands a mile away on each side. Thus the 
water of the river can be carried to great distances away from the main stream, as is the case in the northwestern 
corner of the county. 

The soil in San Luis valley varies greatly in quality, requiring very diverse methods of applying water for 
irrigation. To produce the best results it has been found that each farmer must have long experience with the 
^particular soil and crop, and there can be no such thing as uniformity in quantity of water to be used or time of 
application. In the vicinity of some of the larger canals the ground has become so saturated with moisture that 
water can be found at from 3 to 5 feet below the surface or even less where in former times the earth appeared 
perfectly dry to depths of 50 feet or more. The presence of this water beneath the surface greatly alters the 
con<litions necessary to produce crops. On some fields with apparently a porous soil the largest yield has been 
obtained by simply allowing water to stand in the ditches around the tra<*ts, but without applying any to the 
surface. This is commonly known as subirrigation. At the other extreme there are soils composed mainly of stiff*, 
heavy clay, or adobe, where the water does not seem to penetrate more than a few inches. Between these extremes 
are all varieties of conditions. A common method of watering is to run the water in laterals at a distance 
of from 100 to 150 feet apart, allowing it to seep each way. As in the case of Conejos county, most of the crop 
irrigated is for forage purposes. 
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The area of laud brought uuder caual is very great, to fi,ll api^earances far greater than cau be supplied by the 
preaeut amount of water available, even though economical methods are practiced to their full extent. There is 
complaint from the farmers that canal companies have been reckless in selling shares or rights to the use of water 
to an amount fer in excess of that which can be had. There is, as a matter of course, more or less friction between 
the smaller irrigators and the large canal companies, the latter being denounced as oppressive monopolies, and 
some of the former characterized as ignorant and wasteful in their use of water. The diversion of water from the 
Rio Grande, so far as the suTumer supply is concerned, is almost complete, and, as in August and September, 1890, 
the stream near Alamosa may be dry. The river in its natural state probably never ceased flowing in summer, 
although it has been stated by old sottlers tliot it has be^n nearly dry twice in 20 years. Most of the larger canals 
head in Rio Grande county. The Costilla, however, takes water from a point about 8 miles above Alamosa and 
carries it out easterly and at a distance of about 3 miles ttom tbe stream. The total length is about 20 miles, 
the width 18 feet, and the cost was $10,000. One share in this canal h fRffiposed to furnish 100 inches of water, an 
amount sufficient for 100 acres. 

The condition of irrigation in the eastern part of the county along the Culebra and Costilla linen is perhaps 
best given by the following facts, obtained from Mr. E. C. Van Diest, civil engineer. He states that the amount 
of water carried by the Culebra river varies from 125 to 150 second-feet at its lowest stage, from about July 20 to 
October 25. From this as a minimum it reaches a quantity of from 850 to 900 second-feet at its highest point, 
usually about June 25. Costilla river fluctuates at the same times, varying from 60 to 70 second-feet at its lowest 
stages up to from 800 to 900 second-feet as a maximum. 

These 2 streams furnish water for 45 ditehes, the larger carrying from to 40 second-feet. These supply a 
large number of irrigators, mostly Mexican, each cultivating on an average about 16 acres. The water is diverted 
in nearly all cases by means of wing dams constructed of brush, rock, and logs, only a few ditches having head 
gates. These dams are usually washed away by each flood and must be renewed or repaired each year. No 
estimate of the cost of these ditches can be given, as all have been constructed by farmers whose land is supplied. 
The owners of each ditch elect yearly one of their own body to act as major-domo, whose duty it is to direct the 
work of cleaning and repairing the ditches and to apportion water in times of scarcity. The annual repairs are 
often heavy, as the ditches have been constructed in the most primitive fashion with little regard to grade or 
character of soil, the slope of the ditch being in places so excessive that channels upward of 10 feet in depth have 
been washed out. From 1 to 4 days' work is generally required annually from each irrigator. 

Water is taken by the Mexican owners from the ditches to the small laterals by simply cutting the bank, 
measuring boxes being exceptional. In times of abundance each person takes as much as he wishes whenever he 
desires, using often an excess. In times of scarcity, however, the major-domo decides which of the consumers 
shall be supplied eacli day, basing his judgment on the appearance of the crops. All irrigating isdoneby'flooding 
a small area inclosed by checks or borders, keeping the water at a depth of from 2 to 3 inches or more and then 
allowing it to escape to the next small square or rectangle. Owing to the peculiar methods of subdividing the 
land among the families of the Mexicans, much of it is held in narrow strips having a length of a mile or more, one 
ditch or sometimes two crossing each holding. There is often great negligence and carelessness in the control of 
these ditches and a great part of the water is wast.ed, so that the water duty appears to be excessively low, 1 
second-foot being applied to about 50 acres during the months of May and June and to from 05 to 70 acres in July 
and August. 

Custer coitnty includes a portion of the eastern slopes of the Sangre de Christo range and the higlier peaks 
of Wet mountains. Between these lies the broad area known as Wet Mountain valley, the altitude of which is 
about 8,000 feet. Streams flow into this from nearly all sides and the water escapes toward the north into Arkansas 
river through either Texas or Grape creek. On the eastern side of the W^et mountains are the head waters of St. 
Charles river, which flows through Pueblo county. On these high lands farming is sometimes carried on without 
irrigation, for there is often sufficient rainfall. Occasionally the season is t<x) dry for crops, and the losses are 
heavy. The greater part of the area irrigated in the census year was for meadow or hay. As in the adjoining 
county, mining and stock raising are the principal industries, and there is thus a home market for all produce. 
With proper irrigation and cultivation a great variety of crops succeed in spite of the high altitude. The water 
supply is well distributed, coming, as it does, from so many small streams. Each farmer usually has his own 
ditch, which has been dug with no regaitl to system and with little reference to the needs of his neighbors. The 
amount of water available has been quite completely utilized, and during July and August there is usually a 
deficiency. There are many localities favorable for saving water, notablj'^ in the Sangre de Christo range, where 
there are reported to be a number of small lakes. 

Dki.ta county is on both sides of the Gunnison river above its junction with the Grand. The Uncompahgre 
river flows into the county from the south and the north fork of the Gunnison comes in from the mountains on the 
east. These, with the main stream and numerous creeks, furnish a large amount of water for irrigation. The 
broad valley of the Uncompahgre extends northerly on both sides of the river, and, uniting with that of the 
Gunnison, continues down that river, this open land extending into Mesa county. Agriculture is carried on not 
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only in this valley but also in its prolongation northeasterly from the town of DeltJi alon^r the creeks flowing from 
the Grand mesa. The altitude of Delta is under 5,000 feet, and as a consequence the climate is mild and favorable 
to fruit culture. 

The water supply of the county is so large and well distributed that irrigation has developed rapidly, and all 
of the more easily available sources of supply ha^e been long since utilized. The Gunnison river itself, flowing for 
so much of its course through canyons, is employed with great difficulty, and as a consequence has been of 
relatively small value in irrigation development. The expense of taking water out of this river is so heavy that 
irrigators have endeavored to supply their needs by storing the flood waters 6f creeks. It is possible in this way 
to gradually increase the area of land cultivated by the expenditure of moderate sums from time to time, although 
if funds were now available the construction of a large canal from the Gunnison would in the end prove most 
economical and serviceable. Those persons having prior rights to the use of water are successful in raising crops 
each year, but the large number of persons not having these suffer to a greater or less extent from scarcity of 
supply during the critical season. 

The creeks flowing south from the Grand mesa have near their head waters lakes or depressions which can be 
readily converted into reservoirs by the construction of low dams. A luimber of farmers whose water supply is 
deficient have begun the construction of small storage systems, in one case at least $12,000 having been sp^nt. 
There have not been along these creeks any serious failures, as the farmers have learned by experience to regulate 
the area of crop planted by the amount of snow on the high lands. If the depth is small the water supply will 
probably be deficient and the area planted is correspondingly less than it would be otherwise. One group of 
farmers on Surface creek depend upon the water of that stream until about June 20 or July 1, and when the supply 
fails take water from a reservoir on the head of Forked Tongue creek, carrying it by ditch over to Surface creek 
and taking it out a second time to their ditch. The Park reservoir, built at the head of Surface creek, is formed 
by a dam 150 feet in length and 60 feet wide at bottom, built of timber, earth, and rock. The capacity of this 
reservoir is stated to be 2,300 aere-feet, and the cost of the dam is estimated to have been $4,000. In many places 
economy could be enforced if small ditches could be consolidated into one canal, but unfortunately priorities of 
rights interfere. A man having a prior right on a certain ditch often fears that by any change or consolidation he 
may lose some advantage, and so jealously guarded are these rights that it is almost impossible to persuade a 
farmer to make any concession for the public good. 

The irrigating ditches in the county are not large, that of greatest extent being probably the canal extending 
from Montrose county down the valley. The Alfalfa ditch takes water from Surface creek at a point about 14 miles 
northeast of the town of Delta. It is 9 miles long, 10 feet wide, and cost about $4,000. It was begun in 1880 and 
used in the following year. In 1889 about 700 acres were irrigated, over one-half of this being in alfalfa and the 
balance mostly in wheat an<l oats. The Minnesota canal takes water out of the creek of that name, the head of 
the ditch being about 3 miles above Paonia. It is 7 miles long, alx)ut 5 feet wide, and covers land south of the 
creek. The North Fork Farmers' ditch takes water from the north fork of Gunnison river about 4 miles above its 
junction with Minnesota creek. It is 12 miles long, 5 feet wide, and the cost of both of these ditches is estimated 
to have been $26,000. Both ditches are owned by irrigators, who divide the water in proportion to the ownership. 
The supply of water in the north fork is Targe, but in Minnesota creek is sometimes small. 

The Ironstone ditch takes water from the south side of Uncompahgre river at a point 9 miles northwest of 
Montrose. It covers land on the southwesterly side of the river, the total length of the ditch being 14 miles and 
average width 14 feet. The total cost is estimated to have been $25,000. The cau<al was begun in 1884 and finished 
in 1888. Water is diverted by a permanent brush and stone dam and is divided among the shareholders 
proportionally. The principal crops irrigated are wheat, oats, and barley. The amount of water in the river is 
insufficient for the needs of the ditch, owing to the fact that other canals have priority of right. The Relief ditch 
takes water from the (iunnison river about 11 miles above Delta, covering land on the south side of the stream. 
It is 7 miles long, 8 feet widei and cost $15,000. It was begun in 1887 and completed in 1891. The ownership is 
divided into shares, the value of each being about $15, entitling the holder to a certain proportion of the amount 
of water in the ditch. 

Dolores count v comprises a relatively small i)ortion of the mountain and plateau area near the southwestern 
corner of the state*. By its position beyond the high mountain ranges and the lack of railroad communication it 
is comparatively isolated. Mining is carried on to some extent in the vicinity of Rico, in the eastern end, and 
there is fairly good grazing in many localities on the plateaus and hillsides. Agriculture has made but little 
progress, as the area of fertile land upon which water can be easily diverted is limited. The water supply as a 
whole is large, but the small creeks first utilized for irrigation sometimes become dry in July or August. Water 
has been diverted from Disappointment creek, one of the tributaries of Dolores river, and utilized upon land in 
the vicinity of the little settlement of Lavendei*. 

DoroLAS county is near the center of the state, south of Denver and east of the South Platte river, which 
forms its western boundary. The river in this part of its course flows through canyons and narrow valleys, the 
western half of the county thus being rough and mountainous, while the eastern part partakes more of the 
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<]iara(aer of the plain region. The area as a whole falls toward the north from the summit of the divide between 
the Arkansas and Platte rivers. The waters of the South Platte, the principal stream in or near the county, can 
not be used within this area to any considerable extent, but are taken out by canals running toward the nortli into 
Arapahoe county. The tributaries of the river. Plum and Cherry creeks, are utilized as far as possible for irrigation. 
Besides the cereals, large (piantities of potatoes were produced, most of these Avithout irrigation. In this county, 
especially on the high lands toward the south, the rainfall is relatively large and many crops are raised without the 
artificial application of water. Probably one-half of the cereals are cultivated without irrigation, the returns 
obtained being sufficiently large to be profitable. Wherever possible ditches have been taken out from the creeks 
and springs and water used as far as the supply will go. Tlie creeks are very irregular in behavior, becoming very 
low or ahnost dry during the summer, at which time, especially in July and August, they are subject to sudden 
floods. On this divide heavy rain storms or '' cloud-bursts'' occur frequently and an enormous volume of water is 
discharged at such times into one or more of the drainage channels. In Cherry creek the water generally fails by 
the loth of June, and as a consequence the farmers nuist irrigate very early in the season. 

There are in this county two notable systems of irrigation. The first of these is what is known as tlie English 
Highline canal, owned by the Northern Colonulo Irrigating Company, and briefly described in remarks on Arapahoe 
county. Although the head works and upper 15 miles of canal are in this county the waters are used to but a 
small extent, being carried to points farther north. 

The other large enterprise in the county consists of the storage reservoir upon Cherry creek built by the Denver 
Water {Storage Company for the purpose of sui)plying water to a canal and smaller storage reservoir at i)oints 
nearer Denver. This large reservoir is formed by what is known as the Castlewood dam, built at a point where 
Cherry creek flows through a canyon about 30 miles southeasterly from Denver. («) The dam is of masonry, is 
oSG feet in length, and its greatest height is over G3 feet. The capacity of the reservoir has been estimated to be 
5,300 acre feet. The canal, heading at the diverting dam on ('herry creek about a mile below the dam, has been 
built along the west side of the valley in order to carry water to fruit lands in the subiubs of Denver, the length 
being about 30 miles. The total cost of the system is stated to have been over $500,000. Other small reservoirs 
have been built, mainly by private parties, but some of these have been washed out by the heavy rains or cloud- 
bursts of July and August. 

Most of the ditches of this country are short, being from 1 to 2 miles in length, and irrigating alfalfa or 
other hay crops on cattle ranches. The creeks, as before stated, are very uncertain as regards water supi)ly. 
There is always a small amount coming from springs, increased by the melting of snow in early spring and by rain 
from thunderstorms during July and August, but in May and June, when water is most needed, there is usually 
little to be had. The average discharge of Cherry creek, for example, is estimated to be less than 10 second-feet. 

Eagle county includes the greater part of the drainage basin of Eagle river, a tributary of Grand river. 
Irrigation is practiced on the ranches along the valley of this river mainly in the vicinity of Gypsum, Castle, 
Edwards, and other settlements. The altitude of these lands ranges from about 0,300 up to 8,000 feet. The water 
supply is large. Eagle river at all times carrying a quantity far greater than can be used upon the cultivated land. 
The valley is narrow and the fall of the river sufficiently great to enable diversions to be cheaply made, esi>ecially" 
upon the hay lands. At places the soil contains a large amount of mineral matter known by the farmers as 
gypsum, which dissolves rapidly when water is brought in contact with it. When first irrigated the ground often 
settles, and ditches when built in this soil are for one or two years continually breaking. The solution of the 
earthy salts causes the sides of the ditches in places to wash out and crops have been lost before the numerous 
holes could be repaired. In many seasons the amount of water required by the crops is small. Most of the fields 
received only one or two irrigations, potatoes generally having one wetting, while oats and hay, the principal 
products, have two wettings. 

Elbkrt county is for the most part upon the northward slope of the divide which, projecting out into the 
Great Plains, separates the head waters of the Platte and Arkansas. On the higher grounds there is no available 
water supply, but along some of the creeks which flow northerly across Arapahoe county there are irrigating 
ditches. The earlier settlers have taken up nearly all the water to be had, and those who can not obtain water 
rights are forced to content themselves with dry farming. Over three- foui^t lis of the crops are raised in that 
manner, corn, rye, and potatoes being usually a success, tliough the first two are cut for fodder before maturity. 
The rainfall is relatively large and even under irrigating ditches the first cutting of alfalfa is usually obtained 
without the artificial application of water. Attempts have been made to secure water for irrigation by sinking 
pipes or boxes into and through the sandy channels of tlie creeks. Considerable money has been spent by the 
farmers, but with little success, as tlie amount of water percolating through these sands is very small, and whenever 
a flood occurs the whole arrangement is liable to be washed out. The ditches of the county are very short, from 
1 to 2 miles in length, and derive their water from I^unning, Bijou, Kiowa, Comanche, and other creeks. 



a The n'servoir iind distributing system have been ilescribert by H. M, Wilson in the transactions of tbe Aniericnn Society of Civil Engineers, volume 15, 
pages 210 to 212. 
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El Paso county is south of Elbert and includes within its western end Pikes Peak and adjacent portions of 
the Front range. From the mountains it extends easterly along the southerly slope of the central divide between 
the Platte and Arkansas rivers. In the western or mountainous end of the county, where the water supply is. 
relatively large, irrigation is carried on, but out toward the Great Plains sheep and cattle raising is the only 
occupation possible. In the higher valleys among the mountains crops are raised without irrigation, such, for 
example, as potatoes, oats, corn, rye, and wheat. One farmer states that he obtained $40 per acre for his jiotatc^ 
crop, to which water had not been applied. Out on the higher parts of the divide the cereals and potatoes and other 
vegetables are cultivated in the ordinary manner, as there is no source of water supply, and it is claimed that, as in 
some of the northern counties of Utah, b}^ careful cultivation fair profits can be made, for the farmer does not incur 
the expense of the purchase and application of the water. The yield per acre is less than in the case of well 
irrigated land, but, on the other hand, the cost i>er acre of production is greatly reduced. 

The only stream of importance in the county is Fountain creek, sometimes known as Fontaine qui Bouille^ 
and its tributaries. Its head waters rise on the slopes of Pikes Peak and the range toward the north and 
flowing easterly unite to form Monument creek. This and Fountain creek, into which it empties, have a general 
southerly course along the foothills. Near the southern part of the county the creek becomes nearly dry in June 
and July, its waters being diverted by innumerable small ditches. Nearly all the irrigators suffer for want of 
water during the height of the season, and there is general demand for systems of storage. Attempts have been 
made to increase the amount of water available by means of wells, but the water in them is often from 100 to 200 
feet below the surface, and the quantity which can be pumped by ordinary windmills is small. In a few instances 
excavations have been made into the porous beds of sand in valley bottoms and water raised from these by steam 
vacuum pumps, the required height being but a few feet. At Franceville a deep boring has been made in the hope 
of obtaining artesian water, and it is stated that a depth of 1,200 feet has been reached, but without success. 

Irrigation in the county is carried on mainly by means of small dit(?hes, taking nearly the entire amount 
available from each mountain stream. Among the larger of these may be mentioned the Lincoln ditch, taking 
water from the west side of Fountain creek about 2 miles above Little Buttes station. It is 3 miles long, 5 feet 
wide on bottom, and cost $1,000. It was built in 1864. Water is diverted by a tight brush dam, replaced aPfter 
each freshet. It is owned by a farmer, who irrigated in 1889 about 235 acres, the greater part of this being in 
hay. The Lock ditch takes water from Fountain creek near the town of the same name, irrigating land on the 
east side. The ditch is 3 miles long, 3 feet wide, and cost about $1,000. It was built in 1862 and is owned by 
private parties, who irrigate about 350 acres, the greater part of this being in blue-stem bay. 

Fremont county is S(mtheast of the center of the state and includes land along the Arkansas river below 
Chaffee county. A number of creeks flow into the river from both sides, those from the north being larger than 
those from the south, since these latter come as a rule from less elevated regions. In the western part of the 
county the Arkansas flows through narrow canyons where agriculture is impossible, but toward the eastern end 
the rocky walls suddenly open out into a comparatively wide valley. At this point the town of Canyon has been 
built. From here down to Tueblo the valley lands, lying in a narrow strip on each si<le of the river, have been 
brought under cultivation by irrigation, and large crops are produced ea(!h year. The climate is favorable for fruit 
culture, and the yield from some of the orchards has been very great. 

Water for the irrigation of this part of the Arkansas valley is taken not only from the river but also from 
the creeks entering on both sides. Most of the ditches are small, having been built by the early settlers so as to 
cover the ground at little expense, no regard being paid to economy in the use of water or to syj^tematic 
development of the country. As a consequence low lying lands along the river are in many cases irrigated by 
water from side creeks, although these could be covered by a canal from the main stream. Thus the higher lands 
which could be reached by the waters of the creek, but not by the river, are left dry and unproductive. 

Many of the farmers state that it will be necessary to resort to water storage in order to cultivate all of the land 
now under ditch. There is, as in all the adjoining counties, an ample supply of water in the spring, but by the first 
of July nearly all crops dependent upon creek water begin to sufl'er on account of its scarcity. There are as usual 
many complaints regarding the injustice of the distribution of water to prior claimants, and hopes are expressed 
that legislation regarding water rights will be iinproNcd and simplified. As a rule if land is well waterecl once in 
May or June it will produce a cutting of alfalfa or a crop of wheat or corn if the ground has been well tilled. 
The yield per acre under these circumstances is light, but still may be profitable. The caeeks of most importance 
in irrigation are, on the north side. Oil, Four Mile, and Beaver, and on the south side Oak and Hardscrabble. 
Those on the north side drain mountain slopes south and westward from Pikes Peak, and thus carry a relatively 
large amount of water throughout the year. Few if any attempts are made to raise crops without irrigation 
even in the higher parts of the county. Where water is i)lentiful from three to four crops of alfalfa are obtained. 

The largest canal system in the county is being constructed by the state, making use of convict labor. The 
canal heads in the canyon al)<)ve town and the course as ])rojecte(l follows along the north side of the river, 
gradually getting away from it and covering more and more land. After passing into Pueblo county it skirts the 
edge of the foothills and winds its way northerly up the valley of Fountain creek. Near the head the canal 
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passes tbrougli tuauels ia the mountain spufa and a large luuouiit uf stonework lias been done, everytliini; iHiiug- 
coDStructed in a substantial fasbion under the direction of tbe state ofHciHls. Nearly all tlie ditcbes in use are- 
sbort, from 1 to 3 miles in length, and liave been constructed by a few irrigators a^-ting in partnership. 

The best series of measurements of tbe amount of water in the Arkansas have been made at Oaoyou, a gauging- 
station having been establiehed there by the state engineer in the spring of 1888. In 1889 the work was continued 
by the Ignited States fieological Survey, {a) 



a The rollowlnit •Iliignu gint In Rraphfo runs tbo floclxuiKaoH dny l>.v da; for Itan yssn ISSO > 
npnunUdarMlonor time, while ths venloa] dlsUncs nivei the •iiilotlly aF Valeria rublo feel pan 
diiriog IflM, tbe datl«<l line dnrlDg 1801. and Iho heavy, full Hub during IRDJ. Thus tbn diii£niin jclrc 
qaanlltiea in Iho nrlnna yean. 
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Garfield cointy includes a comparatively narrow strip of land on the wcvstern side of Colorado, mainly 
within the drainag:e basin of Grand river. The principal part of the agricnlture, as well as tlie population, is in 
the valley along this river, extending from Carbondale and Glenwood Springs down beyond Parachute. The 
earlier settlers built small ditches leading from creeks and streams, draining the mesas on each side of the valley, 
the difficulties of taking water from Grand river itself being too great for their scanty means. The waters from 
these small streams have been overappropriated, and there is a deficiency of supply except in time of flood. 
Wherever sufficiently irrigated good crops are produced, and fruit is of high grade, the climate being well adapted 
to fruit culture. Grand river carries at all times of the year a large amount of water, and by the construction of 
suitable canals much of the vallej^ could be brought under irrigation. The mesas, which bound the valley and 
form the greater i)art of the county, are too high to be irrigated, and, although having a good soil, are of little 
value except for cattle raising. Within Grand valley cattle And fair grazing, not only on the lower lands but up 
to heights of 1.000 feet or more above the river. 

Most of the wat^r rights in the county have been adjudicated, but there is more or less dissatisfaction 
«xi)ressed, especially by those whose supply is less than their requirements. Probably at least 25 per cent of the 
crops are lost in ordinary years on account of the insufficiency of water supply and difficulty of properly distributing 
it. Although in this county there is as a whole a large quantity of water, yet the greater part can not be utilized 
by the present ditches, since it is in the Grand river, too far below the general level. The small amount in the 
side streams being insufficient for the needs of the irrigators there are innumerable conflicts, which can only be 
settled, if at all, by greater economy on the part of individuals and by systems of storing flood water. 

The following descriptions of a few of the larger ditches will serve to give the general character. The 
liockford ditch heads about 4 miles above Satank, carrying water out on the east side of Rock creek, one of the 
tributaries of Roaring Fork river. It is 4 miles long, 4 feet wide, and cost about $2,000. The canal was begun 
and used in 1883. It is owned by private parties, who in 1889 irrigated about 150 acres, most of this being in 
hay, oats, and other grain, with some vegetables and fruit. The water supply in this valley, being near the 
head waters, is generally abundant and large crops are raised when properly irrigated. 
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j Secoud- 
Depth iDj feet per 
inclies. | Ht|nare 
mile. 



DISCHAKGE IN SECOND-FKET. 



18.4.50 

16,620 

18.450 

17.850 , 

36,900 

81.753 

87.023 

20, 910 

13.090 

13,715 

17.790 

20.602 

313. 153 

- " i 

19.065 
20, 146 
19.683 
28.381 
128,.5.V) 
155, :i54 I 
96.616 
41,205 
30,88(» 
32,656 
31.059 I 
30, 873 

634.453 , 



0.11 
0.10 
0.11 
0.11 
0.23 
0.50 
0.23 
0.13 
0.08 
0.08 
0.11 
0.13 

1.92 



"0. 12 
0.12 
0.12 
0.17 
0.79 
0. 95 
0. .59 
0. 25 
0.19 
0.20 
0.19 
0.19 

3.88 



0.10 
0.10 
0.10 : 
10 I 
0.20 I 
0.45 I 
0.20 I 
0.11 
0.07 I 
0.07 
0.10 ' 
0.11 

0.14 

0.10 
12 
0.10 I 
0.16 
0.68 
0.85 I 
0.51 I 
0.22 I 
17 
0. 17 ! 
17 I 
0.16 . 

0.28 



.MONTHS 



Max! 
I mum. 



1891. 

January 

February 

March 

April 

May 

June 

July 

AugUilt 

Sopt^miber 

October 

November 

December 

IVr annum 

1892. 

January 

February 

March 

April 

Mav . - 

June 

July.. 

AuguAt 

September . 

October 

November . 
Deiteuiber 



IVr annum 



505 

580 

685 

1,600 

3.700 

4 230 

2.810 

1.925 

715 

825 

530 

605 

4.230 

630 

555 

605 

715 

2,250 

4.750 

3.050 

J. 425 

530 

606 

605 

630 

4.750 



Mini 
mum. 



325 
3&5 
530 
580 
1.340 
1,600 
770 
530 
345 
530 
430 
345 

325 

345 
430 
430 
410 
685 
1.780 
1.060 
455 
365 
410 
455 
480 

346 



Menn. 



Total for 
month in 
acre-feet. 



431 

474 

586 

857 

2.012 

3,291 

1.468 

951 

473 

6^.4 

498 

476 



26,506 
26,307 I 
36,039 
50.992 I 
123. 738 I 
195.814 i 
90,282 ' 
58.486 I 
28,143 I 
38,376 
29.631 
29,274 



496 

403 

524 

522 

1.241 

2. 787 

1.798 

769 

435 

.511 

527 

561 



30.504 
28. 347 
32,226 
31.059 
76, 322 
165.826 
110,577 
47.293 
25.882 
31,426 
31,356 
34. 502 



889 645, 320 



RUN OFF. 



I Second- 
Depth in i feet per 
inches. i»quare 
mile. 



1,012 733,588 ' 



0.16 
0.16 i 
0.22 I 
0.31 
0.76 
1.20 ; 
0.55 ! 
0.36 I 
0.17 ! 
0.24 j 
0.18 i 
0.18 

4.49 



0.19 
0.17 
0.20 
0.19 
0.47 
1.01 
0.68 
0.29 
0.16 
0.19 
0.19 

0.21 ; 

3.95 



0.14 
0.15 
0!l9 
0.28 
0.06 
1.07 
0.48 
0.31 
0.15 
0.20 
O.IG 
0.16 






0.16 
0.16 
0.17 
0.17 
0.41 
0.91 
0.59 
0.25 
0.14 
0.17 
0.17 
0.18 

0.20 



The above table gives not only the greatest, least, and average How of the stre^im but also show.s the total quantity discharge<l for the whole month and the 
relation of this t«> the total area drained. This latter, the nin-ot)', is expressed in two ways. In the next to the last column is given the depth in inches which the 
quantity which How«'d away during the month would have if put on a plane of an area etiual to that of the catchment basin. In the last column is the average 
amount flowing during the month divided by the area of the basin, thus showing the average amount of water furnished per square mile drained. 



COLORADO. 113 

The Grand river and Koaring Fork canal takes water from Cattle creek, heading at a point 7 miles above 
Glen wood Springs. It Hows on the north side of Cattle creek and on the eastern side of Roaring Fork valley 
down to Glenwood Springs. It is 7 miles long, 3 feet wide, and cost $l!^,000. It was begun in 1887 and used in 
the following year. Water is diverted from the creek by means of a tight dam of logs and dirt, replaced each 
year. The canal is owned by a corporation, each stockholder being entitled to water in proi>ortion to the stock 
held. In 1889 only ab(mt 90 a<*re.s were irrigated, owing to the fact that other irrigating ditches were taking the 
water. The Roaring Fork is so far below the land to be irrigated that it is not practicable to take out water, and 
a supply, usually insufficient, must be obtained from the small streams. Owing to the impossibility of securing 
water from this canal a trial has been made of using a centrifugal force pump driven by water power, the entire 
plant costing about $3,()00. 

The Last Chance ditt^h takes water from Grand river near Ferguson, carrying it out on the south side t^^ and 
below Rifle. It is over 8 miles h)ng, 4 feet wide, and cost about 88,000. It was begun in 1887, and though not 
completed was used to a small extent in the census year. Water is diverted by a long cutting, bringing the 
head sufficiently low to receive water. In 1889 about 75 acres w^ere irrigated, most of this being in forage crops. 
The water supply is large, ample for the needs of the ditch when completed. 

Gilpin covnty, the smallest in the state, includes a i)art of the mining region west of Denver. It is among 
the high mountains, the valleys being at an elevation of 8,000 feet and upward. There are a few patches of arable 
land along the streams, but the temperature is so low that forage crops alone are raised, these consisting of 
grasses and cereals cut before maturity. The ditches within this county have been built for jdacer mining. 

Grand county includes the Middle park, situated in the north central part of the state on the head waters of 
Grand river. This park is partially surrounded by a loop in the continental divide, and although between the 
North and South park it is on the opposite side of the continenttd watershed, its streams flowing to the Pacific 
ocean. The valley lands are at an elevation of about 8,000 feet and the climate is too severe for general agriculture, 
although with irrigation it is favorable for the i)rpduction of hay and the hardier vegetables and cereals. Each 
ranch has its own ditch and sufficient agriculture is practiced to supply common needs. Potatoes are often raised 
without irrigation, especially near or within the timbered areas, tree gix^wth marking the localities where the 
supply of moisture is better than usual. As in the other parks the water supply is large, well distributed, and is 
freely used by the ranchmen. The grass is irrigated almost continuously during the growing season, a great part 
of this water returning to the stream, thus, apparently, not diminishing the amount below. Besides the native 
grasses timothy and redtop are grown successfully, but the altitude is regarded as too high for alfalfa. Some of 
the bottom lands are wet by the annual overflow of Grand river. 

(jItnnison county includes the greater part of the headwaters of Gunnison river above the grand canyon of 
that stream. It is bounded on the north by the Elk mountains and on the east by the Saguache range, this being 
a part of the continental divide. As in adjoining counties, mining is the principal industry, and next to this 
in importance is stock raising, the mountain slopes and hills furnishing excellent grazing. Along the valley of the 
Gunnison river in the vicinity of Gunnis6n and up along Ohio creek. Slate river, and Tomichi creek are valley 
lands containing natural meadows. A great part of this low land has been brought under irrigation by ditches 
taking water from the streams mentioned. The altitude is about 8,000 feet and agricultural products consist 
principally of the hardier cereals usually cut for hay, as w ell as timothy, redtop, and other forage plants. Potatoes 
are occasionally raised without irrigation, but this may be considered as exceptional. The water sui)ply of the 
county is abundant at all times of the year, and the area cultivated can be increased withcmt interference with 
water rights. 

IIiNSDALE county covcrs a i)art of the high mountain region west of the San Luis valley. It includes the 
upper waters of the Rio Grande, and extending both north and south over the continental divide, takes in a part 
of the watershed tributary to Lake fork of the (lunnison, and on the south a few of the streams flowing into the 
San Juan river. There are numenms mines in the county, the moutains containing many deposits of precious 
minerals. Cattle graze in the high valleys, but there are few places at which agriculture can be successful on 
account of the great altitude and the short summer. The lowest points in the C(mnty aie probably considerably 
over 8,000 feet above sea level. In the vicinity of Lake city and on the Cebolla or White Earth creek a little 
irrigation has been attempted, mainly for the i)urpose of raising forage croi)S, there being i)lenty of water and but 
little arable land. Each farmer has his own ditch, and besides hay raises a few of the hardier vegetables. 

IIukrfano county lies along the eastern side of the Sangre de Christo and Culebra ranges, these forming 
the watershed between the Arkansas and the Rio Grande. The slopes of these mountains are drained by the 
Huerfano river and its tributaries, which, flowing northeasterly, empties into the Arkansa.s. Agri(!ulture is carried 
on mainly along this river in the valleys wherever water can be diverted, the greater number of the farmers being of 
Mexican descent. In the higher valleys some of the croi)s are raised witlnmt irrigation, mainly on account of the 
dithculty of obtaining water. The supi)ly as a whole is far below the needs of the Ijind under cidtiv^ation, and 
hopes have been expressed by the majority of the farmers that it will be jmssible to increase the suinnier flow of 
the streams by storage reservoirs. 

1690 IR 8 
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Jefferson ( ounty inclndes a great part of the plain extending from the foot of the mountains to the city of 
Denver. This area is crossed by many creeks whose supply of water is large and perennial. As a consequence 
ditches and canals have been built, covering the comparatively level ground with a network of small water courses 
and bringing under cultivation nearly all of the arable land within reach. The complexity of these systems is 
shown on plats jirepared by the state engineer of Colorado and on the topographic sheets of the United States 
Geological Survey. On the western side of the county among the mountains are small areas upon which cereals 
and vegetables are grown without the artificial application of water, and in the valley lands are places where corn 
has been raised without irrigation by planting the quick growing varieties and keeping the ground well cultivated. 
Taking the county as a whole, however, agriculture without inigation is exceptional. 

The water supply of the county comes from the South Platte, which for over 50 miles forms the southeastern 
boundary, and also from tributaries which, crossing the county, flow into this river. The principal of these in 
order down stream, namely, h om south to north, are the north fork of the South Platte, Deer creek. Rear creek, and 
Clear creek. The north fork of the South Platte enters through canyons and its waters are used for irrigation 
only up among the mountains. The waters of the other creeks are diverted immediately after leaving the lower 
canyons and are carried out on both sides of the stream by canals and ditches, heading in succession at short 
intervals below each other. The capacity of these systems for distributing water is far greater than the supply 
usually available, and as the hot weathei* comes on it is usually necessary to deprive several of the ditches of all 
or part of the water needed by them in order that i)ersons having prior rights may be supplied. It thus results 
that the later settlers complain of hardship or even injustice, and the assertion is made that the older settlers 
receive more water than is justly due them. 

The development of irrigation without systematic control has resulted in the construction of many small 
ditches each so located as to best supply some individual or group of individuals. These have been followed in time 
by larger canals, in many ways better planned, but whose location and construction have often been modified by the 
presence of older ditches and water rights. In distributing the water according to priorities of right it necessarily 
happens that the ditch lowest on the stream and least economical in its use of the water may be entitled to more water 
than one commanding more land and built to utilize its supply in the best possible manner. It is apparent to the 
irrigators that the only way of remedying the evils thus arising is by the construction in the mountains of storage 
reservoirs whose capacity shall be so great as to hold the waters which otherwise run to waste during winter and 
spring. There are, however, many obstacles arising not only from the difficulty and exi)ense of constnicting 
retaining dams but also in the recovery of the water from the stream in which it must flow and in its distribution. 
As the matter is at present few of the larger canals can deliver tg the irrigators an amount of water sufiScient for 
their demands, and since payment for water is usually made in advance, the farmer may sntt'er a double loss, namely, 
in money thus paid and in crops. 

Measurements of the amount of water flowing in the South Platte, Bear creek, and Clear creek have been made 
by the state engineer of Colorado, and the daily dischaige during the summer season at least has been computed 
for a number of years. At the gauging station near Deansbury, in the canyon of the river about 26 miles south of 
Denver, as stated in the description of Park county, observations were begun in July, 1887. The area of the 
catchment basin above this point is about 2,000 square miles, the greater portion of this being in the South park. 
The average discharge from May to October, inclusive, in 1888, was 323 second feet; in 1889, 297 second-feet, and 
in 1890, 374 second -feet. Bear creek has been measured at a point 2.5 miles above Morrison, being thus above 
the heads of all canals, observations being begun in August, 1887. The highest water recorded during the spring 
and summer months w as 195 second feet, occurring in May, 1889, a flood later in the season, however, being probably 
of greater quantity. The h^west water of fail and winter was abcmt 15 second-feet. The average discharge of the 
stream takmg the year through is i)robal)ly not far from 50 second-feet, and the drainage area is approximately 
141 square miles. Tnrkey creek, immediately south of this stream .and flowing into it below Morrison, carries 
probably a less amount of water and has been known to become dry. These streams are inchided within what is 
known as water district No. 9. 

Clear creek has be<*n ganged at a point in the canyon about 7 miles above Golden, above places where water 
has been diverted to any notable extent for irrigation ])urposcs. The drainage area above this place is 338 square 
miles. The average discharge of this stream is probably from 300 to 400 second-feet, falling to 50 second-feet or 
even lower in time of drought. One flood, as estimated by tin* state enginc^er, discharged at the rate of 8,700 
second-feet for 2 hours, tin* river falling imme<liately to a little over 2(K) second feet. The canals and ditches taking 
water from this creek and its tributary. Ralston creek, are included within water district No. 7. Within the two 
districts mentioned. Nos. 7 and 9, there are a large immber of reservoirs projected or constnicted. The object of 
these is to hold surplus water from the creeks at points convenient to the lands of the irrigators. In this way the 
problem of distribution of stored waters has been done away with here, since the water is not returned again to 
the stream, but is drawn back into the canal <n* to distributaries. 

A biief descrii)tion is herewith given of a few of the many ditches in this county. Arnette ditch takes water 
from the south side of Bear creek below Morris(m and continues in a direction a little south of east out toward the 
South Platte river. It is 8 miles long, about 10 feet wide, and cost $20,000. It was bec^un and first used in 1872.. 
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It is owned by a corporation, and water i.s divided according to the number of shares held by ea^h owner. The 
principal crop raised is alfalfa, and next in importance are the cereals. The Ward and Kendrick ditch takes 
water from the opposite side of Bear creek, carrying it; in a general northeasterly direction. The total length of 
the main ditch is 14.5 miles, average width is 6 feet, and the cost of ditches was $1(>.000, to which should be added 
$ll,0()0 for the expense of constructing reservoirs. In 1889 about 9(M) acres were irrigated, the greater part being 
in alfalfa and cereals. The engineer and part owner of this canal, F. C Kendrick, estimates that for wheat or oats 
there are required 0.75 to 0.90 acre feet and for alfalfa, clover, and timothy from 1.25 to 1.40 acre-feet. 

The Golden City and Ralston creek, commcmly known as Church ditch, takes water from Clear creek about a* 
mile above Golden, carrying it out on the north side of the streamT^heTofal length i ^7 mj le^/width 12 feet, and 
the cost was 865,000. It was begun in 1804 and since that time has been enlarged several tlines. It is owned by 
a coriK)ration selling water to irrigators, the value erf water right being about $20 per acre. On the opposite side of 
the creek and heading at a point higher up is the Golden ditch. 14 miles in length and fnnn 8 to 10 feet in width. 
This was begun in 1871, and the c^>st is stated to have been $85,000. It supplies the town of Golden and in 1889 
irrigated about 2,800 acres. P>elow these ditches are numy others, some being longer, but most of them from I 
to 5 miles in length. 

Kiowa county is in the eastern end of Colorado about 12 miles north of the Arkansas river. It is crossed by- 
Adobe and Big Sandy creeks, both of these, however, being dry during the summer. The surface of the county is 
gently undulating, and there are shallow basins in which water collects after Ireavy rain, the annual precipitation 
not being sufficient to erode well defined drainage systems. The county was settlexl about 1887, and fair crops 
were raised for 1 or 2 3 ears. Tliere were, however, so many losses from drought in 1889 and 1890 that many of tha 
farmers mov^ed to other parts of the state, and grazing is now the principal occu[)ation. 

The Bob Creek canal, owned by the Colorado Land ami Water Company, has been extended into the 
southwestern corner of this county since 1889. Work has been began also on ditches to take water from Adobe. 
and Big Sandy creeks, reliance being placed upon the water saturating the pervious channels and upon storage 
reservoirs. It is somewhat doubtful whether irrigation can be satisfactorily practiced on account of the <lifficulty 
of obtaining a sufficient sui>ply from the Arkansas for the large canal and carrying it the requisite distance. In 
the case of the smaller canals also it is questionable whether water can l>e had at criti<*al times. There are many 
wells from which water for cattle can be obtained, but the cpiantity is too small to be of iinx)ortance in irrigation. 

Kit Causon oountv in eastern Colorado, adjoining Kansas, is uixm a portion of the central divide of the 
eastern half of the state, and contains few perennial streams. It is for the most part a nearly level prairie with 
fertile soil. The principal water supply is from wells sunk to depths of from 100 to 200 feet. The cereals under 
careful cultivation do fairly well, but the principal occupation is stock raising, cattle feeding both summer and 
winter on the buffalo grass. Most of the settlers came into the county about 1886 or 1887, and tried to make 
homes. Their history has been similar to that of the inhabitants of other counties of eastern Coh)rado and western 
Kansas. Some have succeeded in adapting themselves to the conditions, while others have failed on aecount of the 
prevailing droughts. Irrigation is being attempted in a small way by making use of the sjirings and small streams 
at and near the head waters of the tributaries of the Kepublican river. These trend in a general northeasterly 
course across the county toward the northwestern corner of Kansas, through which they flow. The streams are 
dry at times, but near their sources and at a few i)oints below there is usually to be found a small amount of water^ 
which can be diverted for use ui)on gardens and orchards 

Lake oounty includes the head waters of the Arkansas in the vicinity of Lea<lville, the southern line of the 
county being a short distancje below Twin Lakes. The valley land ranges from 9,000 to 10,000 feet in altitude, 
and the only crops of importance are for hay. This commands a i)rice of about $20 j)er ton at Leadville. The 
ditches, deriving an ample suppl^^ from the mountain streams, are small and are owned usually by one or two 
farmers. Hay^ is made from native grasses and from timothy. The climate is probably too severe for the success 
of alfalfa, although vegetables are raised to a small extent. The water supi)ly is large for the needs of the 
county, but it is in such localities as these that great storage works should be constructed for the purpose of 
increasing the discharge of the Arkansas during summer. All along the river, especially on its course through 
the Great Plains, there is each year a deman<l for water and there are losses of crop on account of the small 
amount available. During jind since the census year great c'anals have been constructed, one or two of which 
alone could carry the average amount flowing in the stream during summer. Water rights under these canals 
have been sold to farmers in si)ite of the fact that more than the amount usually flowing in the river is claimed 
by individuals and companies, general reliance being i)laced upon the hope that reservoirs would be constructed 
in this and other counties of high altitude. 

Measurements of the amount of water available for storage were begun in 1889 and carried on by the 
Geological Survey until October of that year. The gauging stations were on the east fork of the Arkansas, on 
Tennessee fork, and Lake fork, all of these being not far from LeadAille, and also on Twin Lake creek below the 
lakes. The average discharges at the first three stations for the greater ])art of si)ring and summer were 
respectively 95, 91, and 116 seciuid-feet. On Twin Lake creek, having a drainage area of 102 square miles, the 
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greatest discharge was 032 secoud-feet and the least 19 seeond-feet, the average from April to October being 212 
seeond-feet. Surveys were made for a number of reservoir sites, the most important of these being Twin Lakes. 
It has been found that water can be conducted to these lakes from a point near Hayden on the Arkansas river, 
increasing the catchment area tributary to the lakes to 387 square miles. By building a suitable dam across the 
outlet and deepening the channel between the lakes, the storage capacity could be increased tol21, 800 acre-feet, (a) 

La Plata county is in the southwestern corner of the state, being south of the San Juan and San Miguel 
mountains and embracing the catchment area of streams flowing southerly into the San Juan river in New Mexico. 
The agricultural lands form a relatively small part of the area, being in the valleys along Las Animas, Florida, 
La Plata and other streams. Their altitude is great, the elevation of Diu-ango, the principal town, being slightly 
over G,400 feet. Many of the cereals, including corn, are successfully produced, as well as the ordiiiary vegetables 
and the hardier fruits. Nearly all crops are irrigated, although in a few localities dry farming has been attempted. 
The principal part of the land under irrigation is utilized for the production of hay or for grazing purposes, stock 
raising being the industry next in importance to mining. The water supply of the county is large, and in most 
of the valleys there is a greater quantity available than is needed upon the narrow areas of agricultural land. 
The smaller creeks, as is usually the case, become nearly dry during summer, but the main strciims have a large 
perennial discharge. Many small ditches have been built by the farmers, and there are a few canals owned by 
corporations, the princii)al of these being the Animas Valley Ditch Company and the Florida Company. 

The Florida Mesa ditch takes wat^^r from the west side of Rio Florida and covers land about 5 miles east of 
Durango. The main ditch is 12 miles long, S icet wide, and the cost was $10,000. The comi>any sells perpetual 
water rights at the rate of $500 p<>r second-foot, this being considered sufticient for from 50 to 100 acres. The 
annual cost of maintaining these water right?? was in 1890 $37.50 jier secx)nd-foot. In the Animas vfilley north of 
Durango are many small ditches covering the valley land, but the bordering mesas near the town have been brought 
under irrigation to a very small extent, although a number of i)roJects for reaching the higher lands have been 
suggested. With the throwing open of the Ute Indian reservation and the neighboring military reservation many 
thousands of acres of good farming land will be brought under cultivation, and the construction and enlargement 
of irrigation works from the Las Animas and La Plata will be greatly stimulated. 

Larimer countv is in the center of the northern side of Colorado and adjoins Wyoming. It extends from 
the continental divide easterly beyond the Front range of the Rocky mountains and includes the heiid waters of 
the Xorth Platte and Laramie rivers, flowing northerly into Wyoming, and the drainage basins of the principal 
streams which flow (»ast to form the South Platte. The water supply in the county is widely distributed and is 
so situated as to be easily employed for irrigation. In the western end of the county is North park, a broad valley 
having an altitude of 8,000 feet and over, surrounded by mountains rising to 12,000 or even 13,000 feet. The park 
is about 20 miles in width and 30 miles in length, and receives from all sides the drainage from lofty peaks. The 
small streams on each side of the park unite and flow northerly, the North Platte, formed by their union, passing 
out of the park through narrow canyons, which extend into Wyoming. In the park the i»rincipal occupation is 
grazing, about the only crop raised being hay for winter feed. The precipitation during summer even at this 
altitude is small and irrigation must be employed. The temperature is too low for most of the ordinary crops, but 
by the application of water timothy and the luitive grasses attain a heavy growth. 

In North park are many ditches dug by the owners of ranches to bring out water for the purpose of raising 
winter feed, but there are few, if any, incorporated (companies. The park is included in water districts Nos. 46 
and 47. In the first of these, including the western part of the i)ark, the fifth biennial report of the state engineer 
enumerates SS ditches, and in No. 47, which lies on the east side of the park, there is given a list of 159 ditches. 
In some instances, however, the same ditch is entered twice in these lists. The water 8ui)ply usually has been 
ample for all demands and tliere has been little necessity of interference or regulation by stat« officials. 

The Big Laramie river rises in the Medicine Bow mountains east of North ])ark and flows northerly through 
narrow valleys into Albany county, Wyoming, where after leaving the mountains it turns toward the east and flows 
out upon the Laramie plains. Its waters are used to a very small extent, if at all, in Colorado, but there are 
localities in which the water could be hehl by storage if so desired by the users ui)on the plains below. 

In the eastern half of the county the streams flow directly out toward the plains, receiving the drainage from 
the Front range and its northern i>rolongation, the Laramie hills. A large amount of water comes from this hilly 
or mountainous region and creeks of great importance in irrigation are formed. The most northerly of these is 
the Caclu*. la i*oudre; south of this in order are the Big Thompson, Little Thompson, St. Vrain, and others in 
Bouhler county, south of LarinuM*. From the point where these creeks leave the mountains a large number of 
canals and ditches have been taken, heading in succession on both sides of the creeks and extending out upon the 
plains. The drainage basin of eiwjh of these creeks has been nuide, according to Colorado law, into a sei)arate 
water <listrict. TluMatchinent area of the Cache la Foudre is known as district No. 3, and includes the northeastern 
portion of Larimer county and a part of the western end of Weld county. Big and Little Thompson creeks form 
district No. 4, thus including the southeastern conuT of Larimer county and parts of Boulder and Weld counties. 

a Si'e f iiginiHTing renultH of tli** irrigation Murvcy. Thirt«i»'ntli Aniiiial Hoiiort of ibe riiited SlutoH (teologifal Survey, 1892. 
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Irrigation has reached a very higli state of development in the eastern end of Larimer county, and the water 
supply has been utilized to such an extent that increase of crop area must come mainly by the storage of flood 
waters. The comparatively large and easily available supply of water made possible the construction by the early 
settlers of a great number of amall ditches. These in time have been succeeded by well-built canals, and the 
water of the streams has been appropriated so completely that during the summer time, and even in late spring, 
it becomes a matter of difficulty and expense to apportion the amount available to the legal claimants. To guard 
against loss a few of the irrigators have constructed reservoirs, which are filled during times of high water, and 
when the ditches arc closed this water is utilized. Many of the farmers state that it will be necessary' not only to 
store water in suitable depressions auumg the foothills but also to build reservoirs in the mountains, taking 
advantage of ev^ery possible means of regulating the water supply. 

Many of the smaller streams become almost if not quite dry at times. Along these streams in the hilly or 
mountainous part of their course farming is carried on only to a small extent, the principal crop, as in the case of 
the North i)ark, being winter feed for range cattle. It is only farther down stream, where the elevation is about 
5,000 feet or under, that a greater variety of crops is raised. Here, where water has its greatest value, the ordinary 
supply has long been recognized as being deficient, and ihere is.complaintfrom the farmers that in spite of this fact 
irrigation companies are building and extending canals and selling water rights. Some ot these companies, 
however, are x>roviding reservoirs, and in one case at least, where a canal was cut off, it is claimed that the entire 
crop was saved during 1889 by stored waters. 

The daily discharge of ('ache la Poudre creek has bet»n <*oinputed during the summer months at least since 
1884, the figures being based upon gaugings made by the state engineer of (Colorado and l>y Professor L. G. 
Carpenter, of Fort Collins. The station at which observations are taken is situated about one-half mile above the 
mouth of the canyon, 12 miles above Fort Collins. Striking features are the relatively large discharge during 
1884, 1885, and 1886 and the decreased amount during the succeeding years, (a) 



a The following are the gangingn for a serien of years: 



DISCHARGE OF CACHE LA POUDRE CREEK, ABOVE FORT COLLINS, COLORADO. 

(Drainage area, 1,060 square milea.) 



DISCHARGE IX SECOND- FEET. 



MONTHS. 



Maxi- 
inniu. 



Mitii- 
luiiin. 



1884. 

March 15 to 31 92 

April 707 

Ma3^ 5, 39,1 

June 5.611 i 

July 3. 970 

August 1,231 

September 440 

Oct<»berl to IG 2J4 

188.'.. 

April 4 to 30 82J 

May ' 1.965 

June 3,857 ' 

July; 3.186 

August 1 116 

September 387 ' 

October 1 to 10 210 

1886. 1 

April 27 to 30 447 

May 2. 6<K) 

June 2.584 

Jnly 1.175 

August 1,476 

September 284 

October 140 

1887. j 

May 18 to 29 2, 380 , 

June 14 to 30 1,970 ' 

July 1.260 

August 430 

September 300 ' 



48 
64 
453 
3.474 
862 
423 
230 
106 

241 
954 
2, 235 
1.076 
369 
210 
202 

369 

404 

1.227 

392 



232 
115 

120 



1,1551 

1.050 

410 

220 

110 



Meun. 



219 

2. 5:^7 

4.812 

2.144 

792 

305 

205 

447 

1,419 

2,910 

1.857 

656 

27:{ 

20:5 

405 
1 , 3UU 
1 . 875 
717 
3.38 
185 
129 

1 . 822 

1.401 

7.35 

307 

175 



RUN-OFF. 



Total for I 

month in 'I . Second- I! 

acre- feet. Depth in ' feet per ij 

i inches. ! square '' 

mile. ,; 



4, 120 

13, 030 

156. 025 

280. 314 

131,856 

48, 708 

1X147' 

12,607 

26. 596 

87. 268 
173. 145 
114,205 
40. 344 
16,243 
12.484 

24, 097 
80. 40.3 
111,502 
44,095 
20. 787 
11.007 
7, 933 

112.053 
83.360 
45. 202 
18.880 
10.412 



0.07 
0. 23 



2.77 



.5.08 
2.a4 i 
0.87 ' 
0.32 ; 
0.22 



0.47 
1.55 
3. 07 
2.02 
0.71 
0. 29 
0. 22 



0. 43 
1.42 
1.9 1 
0.78 
0.37 
0.19 
0.14 






1.98 
1.47 
0.80 
0.33 
0.18 



MONTHS. 



0.06 I 
0.21 i 
2.39 j 
4. 54 
2.a3 
0.75 
0.29 
0.19 

0.42 
1.35 
2.74 
1.75 
0.62 
0. 25 
0.19 

0.38 
1.23 
1.77 
0.68 
0..32 
0.17 
0.12 

1.72 
1.32 
0.69 
0.29 
0.16 ' 



1888, 

April 

May 

June 

July 

August 

St»ptember . 



1889. 

January 

February . . . 

March 

April 

May 

June 

July 

August 

September . . 

< )ctober 

Xovoniber . . 
Dei'craber. .. 



Per annum . . 



1890. 

iJ.muary 

February . . . 

March 

April 

May 

June 

July 



DISCHARGE IN SECOXD-FEET. 



Maxi- 
mum. 



Mini- 
mum. 



350 
790 
1.490 
690 
500 
180 



.342 
198 ! 
125 
342 

1,886 

1.960 

844 

4.55 

40 

92 

122 

89, 

1.960 I 



100 
250 , 
680 
260 
140 
70 



71 

69 

41 

48 

215 

837 

271 

67 

56 

55 

46 

33 



33 



Mean. 



Total for 
month in 
acre- feet. Depth in 
inches. 



RUNOFF. 



181 
483 ' 
J. 113 
420 
213 I 
109 



151 

106 

46 

113 

649 

1,338 

514 

187 

67 

<59 

88 

64 



10. 770 
29, 7(14 
66.223 
25. 8'JO 
13. 100 
6. 485 



9. 286 

5. 883 
2.830 

6, 723 
39.913 
79.611 
31,611 
11,500 

3.986 
4.243 
5,236 
3, 935 



283 204, 757 



0. 19 I 
0.52 I 

1.17 : 

0.46 
0.23 ' 
0.11 



0. 16 
0.10 
0.05 
0.12 
0.71 
1.41 
0.56 
0.20 
0.07 
0.08 
0.09 
0.07 

3.62 



Second- 

feet per 

square 

mile. 



0.17 
0.45 
1.05 
0.40 
0.20 
10 



0.14 
0.10 
0.04 
0.11 
0.61 
1 26 
0.48 
0.18 
0.06 
0.06 
0.08 
06 

0.26 



101 


46 


82 


5.043 ' 


0.09 


0.08 


138 


37 


79 


4. .384 i 


0.08 


0.08 


126 


^" 


85 


5.227 


0.09 


0.08 


481 


71 


200 


11,900 1 


0.21 


0.19 


1.710 


436 


1.044 


64,206 1 


1.13 


0.99 


1.804 


1.016 


1.280 


76. 158 


1 35 


1.21 


1.025 


336 


649 


39. 950 


0.71 


0.61 
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The principiil towns are alonp: tbe eastern ed<:ce of the county near the foothills. In the vicinity of each of 
these the systems of ditches are exceedingly complicated, a number coming out on both sides of the stream and 
following in the same general direction in tortuous courses according to the slope of the land. In the vicinity of 
Fort Collins and Loveland irrigation has been most completely developed. The lower lands are well watered by 
the many ditches, an<l in some places the ground has been so completely saturated that it is not necessary to irrigate, 
sufficient moisture coming from seepage. The higher grounds are in many i)laces considered best for agriculture, 
but unfortunately it is not possible at all times to secure water for these. Since the county lines and the water 
districts, based on natural divisions, do not coincide, a direct comparison can not be made between the figures 
contained m the report of the state engineer of Colorado and the results obtained by the census. The water 
commissioners report that in ISOO, in district No. 3, on the Cache l.i Poudre, 139,222 acres were irrigated by ditches 
and 1(V,S25 acres by stored water; and in district No. 4, J5ig Thompson, 89,790 acres were irrigated by dit<5hes and 
about 12,000 acres by water from reservoirs. No distinction, however, was made iu their estimates between lands 
imperfectly irrigated and those u[)on which crops were successfully raised. 

The relative location of the i)rincipal canals and iirigating ditches of this county is shown ui>on a map of 
p(nti<ms of water district^ Nos. 3 and 4 accompanying the fourth biennial report of the state engineer. 
Illustrations of this character show the complications due to the topography of the country and to the large 
number of ditches taking water from tlu; same stream and carrying it out in the same general direction. These 
in many instances cross each other, and at first glance seem to be involved in hopeless confusion. Many of the 
longer canals run nearly i)arallcl for many miles, each one losiijg more or less water by evaporation and seepage. 

Among the i)rincipal canals in the drainage basin of Cache la Poudre creek may be mentioned the North 
Poudre, taking water from the north fork, and below the junction of the north and south forks the Highline, Dry 
Creek, Cache la Poudre, Larimer and Weld canal, Pioneer ditch. Lake canal, and Cache la Poudre canal. All of 
these are on the north side of the creek, and the latter is almost entirely within Weld county. On the south side 
of the stream the canals are shorter, since of necessity they run along the foothills toward Big Thompson creek and 
do not extend out upon the plains. The i)rincii)al of these are the Pleasant Valley and Lake canal, the Fort Collins 
canal, the Larimer County canal No. 2, and Boxelder ditch. The,Nortli Poudre canal is about the only large canal 
lying wholly in Larimer county, the others extending out into Weldcounl^\ Its length is 20 milels, average width 
14 feet, and the cost was $300,000. It was begun iu 1881 and completed in 1884. It is owned by a coriK)ration 
which sells water rights, the value of these being, it is stated, about $15 per acre. The dit<;h is rapidly being 
improve<l and more land brought under cultivation. The accompanying illustration shows the character of the 
diversion line and some of the difficulties overcome in construction. The view is of the upper end of the 627-foot 
tunnel, being abont 3,000 feet below the head gate and dam. 

In district No. 4, including in this county the greater part of the drainage area of Big Tlnmipson creek, the 
canals are secondary in number and size to those named above. The principal irrigating systems on the north 
side of Big Thompson creek are the Ilamaqua, Louden Irrigating, Loveland and Greeley, and the Farmers 
Irrigating canals, and on the south side of the creek the Handy, Home Supply, Hillsboro, and the Big Thompson 
No. 1 ditches. The Louden canal is about 19 miles long, 14 feet wide, and has cost about $r>0,000. It was begun 
in 1877 and was finished in 1880. Water is diverted by a wing dam of cobblestone. The canal is owned by a 



DISCHAIIOK OF CACHF LA POl'DRK CHKKK. ABOVE FORT COLLINS. COLOKADO-Contiuued. 



l)lsi''HAK«JK IN SKCOXD-FKKT 



MONTHS. 



Muxi- 
niiiiii. 



Miui 
in mil. 



Mean. 



1890. 

August 40* i:»0 'JST 

September 18:{ 5k lO.J 

October lis ' 55 80 

November 81) 41 61 

December 70 

Peranmnn 1804 :i7 3*15 

1801. 

January 145 44 92 

February l^-l 57 79 

March , 76 32 59 

April 344 39 144 

May ' 2,499 355 1.221 

Juno 5.060 985 1,900 

July 1,003 278 541 

AugUHt 292 155 228 



RIN-OFF. 



DISCH.\R(}K IN SECONDFEBT. 



Total for 
month 10 
a<re leet 



17.650 
6. 12H 
4, 920 

3, 630 

4. 31.5 

243 501 



5,658 

4.384 

3.628 

8. 568 

75,092 

113,050 ' 

03.271 

14,022 I 



Depth in 
inches. 



0.31 
0.11 
0.09 
0.07 
0.08 

4.32 



0.10 
0.08 
0.06 
0.15 
1.33 
2. 01 
0.59 
0.25 



Second- 
feet per 
.s<i nan- 
mile. 



0.27 
0.10 
0.08 
0.06 
0.07 



0.32 



0.09 
0.08 
0.06 
0.14 
1.15 
1.79 
0.51 
0.21 



MONTHS. 



1891. 
September . 

October 

November . 
December. . 



I'cr annum 



1892. 

January- 

February . . . 

March 

April 1 to 17 
May 18 to 31 . 

June 

July 



': Maxi- 
; mum 



158 ; 

151 
100 
109 

5,060 



August 1 to 16. 



98 

134 

134 

112 

1.084 

2, 535 

1.392 

327 



Mini- 
mum 



115 

104 

67 

54 

32 



50 

98 

40 

60 

270 

750 

:U2 

192 



Mean. 



138 

118 

83 

79 

390 



64 

119 

80 

84 

642 

1,512 

741 

265 



RUXOFF. 



Total for 
month in 
acre- feet. 



8,211 
7 257 
4.938 

4,858 

282, 937 



Deptli in 
inches. 



3.936 

G.842 

4,920 

4,998 I 

39, 483 

89.964 , 

45, 571 

16. 297 



0.15 
0.13 
0.09 
0.00 

5.03 



0.07 
0.12 
0.09 
0.09 
0.70 
1.59 
6.81 
0.29 



Second- 
feet 4»er 
square 
mile. 



0.13 
0.11 
0.08 
0.07 

0.37 



0.06 
0.11 
0.08 
0.08 
0.61 
1.43 
0.70 
0.25 
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corporation composed of fanners who use the water, each share of the stock entitling the holder to a certain portion 
of the water in the canal, wliich can be used on as many acres as it will cover. The water right is worth from $10 
to $15 per acre. Under this canal are a number of reservoirs owned by individuals or by corporations, water being 
stored in these until it is needed. Many other reservoirs are being constructed to be supplied by this and other 
canal systems, and greater dependence eacli year is i)laced ui)on these, several large ditches deriving their whole 
supply ffom water thus saved. For example, the Home Supply Company has two large reservoirs which are filled 
before the irrigating season begins and drawn upon to irrigate thousands of acres. Water thus held by storage 
ha^ been exchanged for an equivalent amount from the stream to be used on higher grounds, while the stored 
water is allowed to flow down to prior api)ropriators below. 

The Loveland and (ireeley canal takes water from Big Thomi>son creek near Loveland, (covering land on the 
north side of the stream, extending nearly to Greeley. The total length i6T5olipies, average width 25 feet, and the 
cost was $140,000. The canal was begun in 1880 and used in 1883. WateF rights are sold at about $1,000 each, 
entitling the owner to 1.44 second-feet of water to be used on an 80-acre tract. The annual assessment is about 
$15 on each water right. The principal crop raised is wheat, and next in order of importance is oats, then alfalfa 
and i)otatoes. It is stated that on wheat two irrigations of from 3 to 4 inches in depth each time will i)r()duce good 
crops in ordinary seasons, oats recjuiring a little more water, and alfalfa three irrigations of 5 inches each for three 
crops or cuttings. 

Las Animas county is in s<mthern Colorado, adjoining ( olfax county, New Mexico, to which it is similar in 
many respects. The western boundary of the county is formed by the Oulebra range, the divide between the 
head waters of streams flowing into the Ark^isas and those tributary to the Kio Clrande. In this i)art of the 
county are coal mines, and at the towns in the vicinity agricultural products find a ready market. Flowing 
easterly from the mountain range are a number of creeks and rivers, which after i)assing through a broad extent 
of the plain region empty into the Arkansas. Most of these streams have cut their channels to depths of several 
hundred feet into the higher pait« of the plain, forming in this way high mesas whose surface is far above the 
reach of water. 

The principal streams within the county are Apishapa river, Timpas creek, and the Purgatoire river with its 
branches. This latter stream is sometimes known as Las Animas river, and is commonly called by the ranchmen 
of the country the Picket AVire, a corruption for Purgatoire. It lias its origin among the mountains and in 
its ui)per course discharg(\s a large amount of water. In this higher part of the county, corn, beans, i)ease, 
potatoes, barley, and flax are raised without irrigaf;ion, but wherever possible ditches have been taken out to bring 
water to the arable lands along the small streams. Stock raising is the principal industry after mining. The 
agricultural population consists to a large extent of Mexicans, whose operations are carried on according to 
ancient methods and in a very laborious fashion. 

The rivers after leaving the mountains flow for a large part of their course tlirough canyons in the mesas and 
the quantity of water shrinks rapidly, so that the lower courses during the summer are almost dry. There are 
usually three or four weeks in late spring during which there is plenty of water. This is diverted upon low lands, 
and if these receive one good watering it is usually possible to obtain a fair crop of hay. Attemi)ts to place dams 
in these rivers, especially in the Purgatoire, have not been successful on account of the severity of the fl(X)ds. The 
irrigating ditches are mainly in the small valleys near the head waters of the streams and are rarely more than a 
mile in length. Many of them are very old, having been dug by the early Mexican settlers. 

As examj>les of the largest ditches of the county may be given the following: the Duran and Vigil ditch takes 
water Irom the south side of the south fr)rk of Purgatoire river about C miles south of Stonewall. It is 4 miles long, 
3 feet wide, and cost $1,500. AYater is diverted by means of a dam of brush and stone. The dit<*h is owned by 
neighboring farmers, who divide the water i)roportionally. In 1889 about 640 acres were inlgated, this being 
mainly in wheat, oats, and barley. Baca Extension ditch takes water from the north side of the Purgatoire river 
at Tiinidad and flows in a general northerly direction. It is 19 miles long, feet wide, and cost $12,000. Work 
was begun in the spring of 1888, and the ditch was completed the same year. On account of scarcity of water in 
the river a very small acreage was irrigated in 1889. The canal is o wned by a corporation and the water is distributed 
to the shareholders. The annual cost of irrigation per acre is usually about $1, sometimes amounting nearly to $2 
The i)rincipal cr(^)s raised are alfalfa, oats, and other cereals. 

The Chititi ditch heads about 1 mile east of Trinidad and continues out on tbe south side of the Purgatoire 
river. The total length is 3 miles, average width 4 feet, and the cost was $2,000. The ditch was built in 18G1. 
The water is used principally for the irrigation of garden vegetables, together with a small acreage of wheat, corn, 
and oats. In 18f)0 there were in all about 135 claims U) water rights filed by the various ditch owners. The total 
amount of 37 of these claims, it is stated, came to 575 second-feet, while the Purgatoire river aflbrded about 
one-tenth of this quantity. This aff'ords an illustration of the excessive amount of water claimed from these 
mountain streams and shows one of the difticulties of apportioning the supply to the many claimants. 

Lincoln cot nty is east of the center of Colorado, ui)on the eastern slope of the divide between the Platte 
and Arkansas basins, and thus includes a portion of the head waters of streams tributary to these rivers. Sheep 
and cattle raising is about the only industry, since the water sui)piy is too small for any considerable developmenfe 
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of agriculture. The streams shown upon a map of this part of the state are dry for many months of the year, but 
at long intervals they discharge an amount of water so great as to be almost beyond control. A little farming 
without irrigation has been attempted, but few crops have been successfully raised. Oc-casionally some corn is 
raised for fodder or a few vegetables for home use. 

Water is obtained from springs and from wells from 10 to 100 feet in depth. There is an ample snpply for 
cattle, and many of the wells appear to be almost inexhaustible by ordinary pumping machinery. There are a 
few small irrigating ditches in the county taking water during the spring at least trom Big Sandy creek and from 
Steel fork of Little Horse creek, but both of these are dry at times when the water is most needed. Considerable 
water is obtained from the bed of the Big Sandy even in times of drouglit, and by making tight dams extending 
through the sand it is probable that a valuable perennial flow could be obtained. 

Logan county is in the northeast corner of Colorado, upon the plains, its surface being of the general 
character of that of the adjoining state of Xebraska. The South Platte flows diagonally across the county from 
the southwest to the northeast corner, receiving in its course the waters of Pawnee creek and other streams which 
flow during the rainy season. 

The conditions of agriculture are similar to those prevailing throughout eastern Colorado. Occasionally a crop 
can be raised without irrigation, but, with the exception of Indian corn, it is very uncertain and the yield per acre 
is small. The water supply is intermittent and irregular in character, sudden floods interrupting the long 
continued droughts. In the years 1885, 1886, and 1887 there was apparently an unusual amount of rain. Settlers 
flocked into the country and were fairly successful in raising crops. In the two years following there was a return 
to former conditions of drought, and n)any of the settlers becoming discouraged abandoned their farms. Those 
having irrigated lands have been able to make a living, although shortage of water has at times caused 
considerable losses. 

The South Platte furnishes the greater part of the water used in irrigation. The river in this part of its 
course fluctuates greatly, being at one time a broad, swift stream and at another almost dry. The drainage area 
is so large that when the snows melt and there are continuous and widespread rains an enonncms amount of water 
is brought into the main channel, but later in the season the almost innumerable canals and ditehes along the 
tributaries divert so much that there is barely enough to moisten the broad, sandy channel. A number of canals 
and ditches have been built to irrigate land in this county, but these, althcmgh some have priority of rights over 
canals higher on the stream, can rarely obtain Mater after the spring flood subsides. Priority of right to the 
water is of little avail to a canal out upon the plains, from the fact that it is almost imix)S8ible to prevent the 
canals and ditches heading many miles above from taking all of the w^ater, and if by the exercise of unusual police 
powers by the state officers an amount sufficient for this canal is left in the channel at points above, this water is 
soon lost by evaporation or disappears into the broad, sandy waste. 

Water can always be found in the apparently dry bed of the river and many of its tributaries by digging from 
1 to 20 feet, furnishing a supi)ly apparently inexhaustible by pumping devices. By suitable dams or deep ditches 
a considerable amount of this water can be brought to the surface, but the expense is so great th^t it is still a 
matter of doubt as to whether it would be i)rofltable. The irrigating systems at present take water from the river 
without the use of permanent dams, and therefore can receive a supply only when there is considerable water in 
the channel. There is a widespread complaint among the farmers to the eff'(*ct that canal companies have sold 
water rights or shares which have x>roved to be valueless, and that many have been brought to the verge of ruin 
by the schemes of speculators, as well as by neglect and bad management of the canals. 

A small amount of potatoes, corn, sorghum, broom corn, and beans is occasionally raised without the use of 
water, but the principal crops of the county are alfalfa and other forage plants raised mainly by spring and fall 
irrigation. Besides the irrigation ditches, some water is obtained by means of steam pumps and windmills, but 
the area of land cultivate<l by this means is inconsiderable. The largest canal of the county is the Pawnee, owned 
by the Pawnee Land an<i Cattle Company, taking water from the South Platte out upon the north sitle at a point 
above the town of ^lerino. The length of this canal is 23 miles and the average width about M) feet. There is no 
permanent dam in the river, and the sand heaped uj) at the head works for diverting the water must be replaced 
after every large flood. The cost of the water right is stated to be 810 per acre, and the annual cost of cleaning 
and rei)airing canal from 12.5 cents per acre ujiward. The amount of water in the river is insufficient at times, 
largely owing to the fact that it is taken by other canals. 

IJeyond the Pawnee canal are a number of others, the principal of which on the north side of the river are the 
Lowliie and the Sterling ditches, also the Arnett and the Uift' and Platte Valley canal, and on the south side ot the 
river the S<linei<ler and the Smith and Henderson ditches. The Lowline ditch is about miles long, 12 feet wide, 
and tin* cost was approximately $2,000. The first cost of the water was about $100 for each 100 acres covered, and 
the* annual cost is $(> for each 160 acres. The Sterling ditch No. 1 is about 10 miles long and 20 feet wide, and No. 2, 
behnv it, is C miles long. The Ilitt'and Platte Valley canal, heading 3 miles above Iliff, follows along the north side 
of South Platte river in a northeasterly direction at a distance of from 1 to 4 miles from the channel of the stream. 
The total length is 25 miles, the average width from 10 to 15 feet, and thie costw as $55,000. There is no permanent 
dam in the river, earth levees being built when the stream is low. There are about 18 laterals about 2 feet in 
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width and 1.5 mile?^ long. The ownership is divided into 2,000 shares, 8 shares representing a water riglit for 80 
acres. In 1889 and 1890 there was insufficient water in the river and the canal was allowed to get into ba<l order, 
so that a very small amount of land was irrigated, this being nijiinly for raising hay and for the meadows. The 
Schneider ditch, on the soutli side of the stream, is 9 miles long, about 10 feet wide, and the cost was approximately 
$5,000. Water is diverted by means of awing dan) of piles and lumber running out into the river 90 feet, and by 
a permanent dam of brush and earth about 300 fevt in length. During low water temporary dams of sand are 
made across the entire wi<lth of the river, a distance oi nearly ouelialf mile. The water right is valued at about 
$7.50 per acre and the annual cost is 25 cents i)er a(*re. At the time this ditch was built (1876-1877) there was 
a])i)arently a great surplus of water during the irrigating season, but from that time the amount has gradually 
decreased until it is difficult to secure one-half the amount originally depended upon. 

it is currently believed that patches of land (;an bo brought under irrigation here and there throughout the 
CMunty by the construction of storage reservoirs at suitable points and by the utilization of flood waters of the 
intermittent streams and springs. Progress in this direction is slow, as the peoi)le are too poor to invest an amount 
of money sufficient to thoroughly test such projects. 

Mesa coitnty is at the center of the western side of ( 'Oloratlo and includes the greater part of Grand Hiver 
valley, the largest body of agricultural land in the western lialf of the state. The altitude of this valley is about 
4,500 feet, and the climate is highly favorable for tlie i^roduction under irrigation of all fruits as well as of various 
cereals and of vegetables. The water supply is large, the discharge of Grand river being far in excess of any 
demands ma<le upon it. The valley lands are on the north side of the river, extending from the state line easterly 
above the junction of the Gunnison, then southerly along the east side of the Gunnison up into Delta county. 
Irrigation is carried on not only in this valley but also along Plateau <!reek and its tributaries in the eastern end 
of the county, this creek rising on the broad plateau south of the Grand river and receiving tributaries from 
Grand mesa on the south and Battlement mesa on the north. 

Although the Grand and Gunnison rivers carry an amount of water far larger than can be used uiKm the 
agricultural lands, yet, paradoxical as it may seem, the irrigators as a rule do not have sufficient water to save 
crops from loss. This arises mainly from the fact that the greater nurab(»r depend upon water not from (rrand 
river, but from the small streams draining the mesas. The expense of diverting the large riv er was so great that 
the early settlers were compelled to utilize the creeks or intermittent streams. These, having a rapid fall and 
being more easily controlled, were employed to their full extent before the larger streams were touched. The 
waters of the creeks of Mesa county are completely diverted during the summer and the appropriations along 
several of them far exceed the amount available. Thus it happens that while the waters of the Grand and 
Gunnison are flowing to waste farmers are losing croi>s, while some are C(mstru(*ting reservoirs to attempt to 
increase the summer discharge of small creeks. 

Near Grand Junction, in the Grand River valley, canals liave been taken out from the Grand river covering a 
portion of the arable lands. The principal of these is what is known as the Grand Valley canal, commonly stated 
to be owned by members of the Travelers Insurance Company of Hartford, Connecticut. The owners of this canal 
have absorbed into one system large ditches previously built and sell water rights to iiTigators at prices of from 
$10 to $12.50 per acre, according to the conditions. The annual assessment is stated to be from 50 cents up to 
$1.50 per acre, while the annual cost of obtaining water to i)ersons not owning water right is about $1.75 per acre. 
Many complaints have been made by fanners taking water from the canal of insufficiencj^ of supply, owing either 
to the small capacity or to injury of the main line. At low stages of the river it is difficult to divert water into 
the canal and it is necessarv to maintain cribwork to act as a dam in the stream. 

There is oi)portunity for the construction of a large highline canal to cover 100,000 acres or more of this fertile 
land. Examinations have been made, showing that with the necessary capital it will be feasible to construct such 
a canal heading in the canyon above (Jrand Junction and sweeping around the northern edge of Grand valley 
north of and above the i)resent systems and covering i)ractically all of the valley. The great obstacles to the 
construction of such a system are tlie large amount of money recjuired and the hMigth of time whi<*h must elapse 
before agriculture can develop to the ext<'nt necessary to j)ay interest and annual (»xpenses. Much of the soil 
through whi<;]i a large canal must be built is of such a nature that some of the mineral constituents dissolve, 
causing the ground to sink, resulting in leaks or breaks in the banks. It is only after the water has been turned 
into the canal for two or three years that there can be a reasonable assurance that these disasters will not oc<*ur. 

There have been no continmms gaugings of the amount of water in Grand river, the only measurements now 
at hand being those n)ade by the Hayden survey in 1874. On September 23 the river above the mouth of the 
Gunnison was discharging at the rate of 4,850 second feet, and it is stated that at the close of July of that year 
it must have been carrying at least ($,000 second feet. Higlna* on the river, near the east line of Garfield ('ounty 
and below the moutli of Eagle river, the discharge in November, 1874, was 871 second-feet, and in September, at 
Hot Springs in Middle park, 802 second -feet, as shown in the tenth annual report of the United States 
Geological and Geographical Survey of tin* Territories, page 332. None of the snmll streams have been 
measured, but it is known that most of these become nearly dry fiom the latter part of June till the time of 
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the fall rains. At the head of Eahnah creek, oii the Grand mesa, work has been begun on a reservoir whose 
capacity is estimated to be about (500 acre-feet. Work on tiiis has been very expensive, owing to the difficulty of 
reaching it, the only i)raeticable means of transportation being by pack animals. There are many other places 
on Cirrand mesa where water could be stored if it is found profitable to do so. The ranchmen living along the 
creeks coming ft'om the mesa state that it is necessary to resort to water storage if they are to save their crops in 
years of drought and to get summer cuttings of alfalfa. Some of this land could probably be covered by a canal 
from Gunnison river heading in the vicinity of Delta. 

M(>NTEZUMA COUNTY is in the extreme southwestern corner of the state, adjoining Utah, Arizona, and New 
Mexico. The water draining from the mountain ranges within the county escapes either to the north in Dolores 
river or to the west through tributaries of San Juan river. Nearly all of these streams are of considerable size 
and furnish ample water for the land under cultivation, except perhaps at times of unusual drought. Progress in 
agriculture has been slow, owing to the remoteness of this area from large markets. Many irrigating ditchers have 
been constructed by farmers, and there are also a few canals of notable size. The principal work of this kind is 
the canal system of the Colorado Consolidated Land and Water Comi)any, taking water trom Dolores river near 
the town of Dolores. There are two main lines, one running down on the west side of the river for a distance of 
about i\ miles, the other piercing a ridge by means of a tunnel 5,400 feet in length. This tunnel conducts the water 
directly from Dolores river into the drainage basin of streams tributary to San Juan river. From the mouth of 
the tunnel laterals extend northwest and southeast, covering lands north of and in the vicinity of the town of 
Cortez. The total cost of this system is estimated to have been $750,000. Water rights are sold at the rate of 
$12.50 per acre. This is in general plan one of the most remarkable irrigating systems of the state, the peculiar 
topograi)hy allowing of the diversion of water in this unique manner. It has been found difficult, however, to sell 
enough water rights to repay the cost of construction. Along Mancos river easterly from Cortez are a large number 
of ditches owne<l by individuals. These are as a rule under 5 miles in length and head at short interv^als along 
the main stream and its tributaries. 

MoNTROSK roi'NTY is on the western side of the state, adjoining Utah. The principal areas of agricultural 
lan(l arc* along Uncompahgre river, which flows northerly across the western end of the county into Gunnison 
river. Water is taken out by many ditches and canals covering a great part of the lower lands, but the supply is 
by no means ample for the area under cultivaticm. If crops are planted early and reach maturity by the first part 
of July they can generally be secured without loss, the ditches up to that time receiving plenty of water. Later 
in the season, however, the streams <liminish so that any one or two of the larger irrigating systems could use all 
the water to be had. While the I'ncompahgre and its tributaries can not furnish a supply for the adjacent lands, 
the other streams to the east, Cimarron creek and Gunnison river, have more water than cjin be utilized upon 
their narrow valleys. Schemes have been proposed for bringing surplus water from these streams over into the 
valley lu^ar ^hmtrose, but as yet the feasibility of the matter has not been determined. It will be necessary to 
resort to some measure of this kind or to water storage in order to bring all of the fertile lands under cultivation. 
The discharge of Uncompahgre river was measured by the state engineer during the summer of 1890 at a point 
about 8 miles above Montrose near the head of the Uncompahgre canal, the quantity during the period from July 
10 to August 18 varying from 440 to 114 second-feet and averaging for July about 300 second-feet, for August 170 
second feet, for September 125 second-feet, and for October about 150 second-feet. 

The climate and soils in the vicinity of ^lontrose have been found to be well adax)ted to fruit culture, ajjples, 
pears, peaches, plums, ai>ricots, quinces, and grapes growing to perfection. The altitude of the valley is from 
5,000 feet upward, but this does not result in low»»ring the tem])erature to an unfavorable extent. Owing to the 
scarcity of water and high annual rates grain raising is reported to be barely profitable, but hopes are centered in 
the orchards and vineyaids. Then* are several canals of considerable size in the county, principal among which 
are those of the Montrose Canal Company, the Uncompahgre and Cedar Creek Company, the Delta Chief 
C(»mpany, and others. The works of the Montrose Canal Company take water out on the west side of Uncompahgre 
river about (» miles above the town of Montrose. The main canal extends in a northwesterly direction, the total 
length lM»ing about 40 miles and the average width KJ feet. The total cost was $5,*K),000. The land covered by the 
canal consists of mesas of various (»levations, and as a consecjuence there are a large number of falls or drops 
' along the line of the canal, one of these being 200 feet in lieight. On a<*count of the excessive sloi)e of the country 
and the character of the subsoil it is estimated that there is required 1 second-foot to irrigate 80 acres. The 
Uncompahgre and Cedar Creek Valley diteli heads on the east side of Uncompahgre river about 7 miiCS above 
Montrose and is continued in a northerly direction to the valley lands along Cedar creek. It is about 12 miles 
long and 10 feet wide. 

Mok(;an cotnty is in the northeastern part of the state, lying on both sides of the South Platte. The water 
supply for irrigation is obtained from the river, which in this portion of its <*ourse occupies a broad, sandy channel. 
Owing to the diversions of water by the almost innumerable canals an<l ditches above, the channel is sometimes 
nearly if not quite dry. This was the case during the summer of 1888, 1880, and 1800 at times when there was 
greatest need of water. 
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The iiuusually low stages of the South Platte during the years above mentioned were due in part at least to the 
irregular fluetuations of climate. It is stated that before irrigation was introduced into this part of Colorado the 
river was known to be dry during the summer season, for instance, in 1863. Attempts are being made to supply 
the deficiency by storage resc^rvoirs or shallow lakes filled during April or May. Several localities have been 
mentioned at which other works of this character might be constructed. The worst crop failure in the county was 
probably in 1890, when, owing to the apparently large amount of snow in the mountains, the farmers neglected to 
use water when it could be had early in the season and then were disappointed in the duration of the flood. On 
the high lands of this county, as in many other places in eastern Colorado and western Nebraska, farmers have 
taken up land and attemi>ted to raise crops in the belief that the rainfall was steadily increasing each year, but 
their efforts have been without success. 

The principal irrigating ditches in the county are: on the north side of South Platte river, the Weldon Valley, 
the Deuel and Snyder, and the Tetsel; on the south side: the Bijou, the Putnam, the Fort Morgan, and the Platte 
and Beaver ditches. The AVeldon Valley ditch is 18 miles long, 20 feet wide, and cost about $64,000. Water is 
diverted by a wing dam of brush, stones, and sand, replaced in part every year. It is owned by an association of 
farmers under the ditch, to each of whom water is divided in proportion to his ownership. The Bijou canal is 55 
miles long, 30 feet wide, and is stated to have cost $180,000. It was begun in 1888. (a) it is owned by a corporation, 
6 shares of stock in which entitle tlie holder to water for 80 acres. 

Otero county is in southeastern Colorado, on the (Jreat Plains, and is crossed from west to east by the 
Arkansas river, the largest s(mrce of water supply. This part of the state, including Pueblo county on the west 
and Bent and Prowers counties on the east, is a region of great irrigation enterprises, the topography of the 
country favoring or rather necessitating the construction of long canal lines. The Arkansas in this part of the 
state is a broad, shallow stream flowing through narrow bottom lands bounded by low bluffs. In order to rea/Ch 
the good agricultural land ar Uie top of these blutt's long canals with gentle sloi)e must be built. There are no 
perennial side streams from which water can be diverted by small, inexpensive ditches, the tributaries of the river 
entering within these counties being dry through a great i)art of the year and at other times discharging enormcms 
quantities of storm water. 

The united capacity of the canals is so great that it is a matter of doubt whether the river can supply them 
all when completed. The owners of some of the canals j)ropose to supply deflciencies by the construction of 
reservoirs out on the plains. These are to be fllled during the fall and winter months and by the excess water of 
spring floods, to be drawn upon later in the season when necessity arises. These reservoirs have not been in 
operation for a period long enough to demonstrate their success, nor are there measurements of the quantity of 
water flowing in the Arkansas suflicient to give data for computing the amount available for storage. Gaugings 
have l>een made for a number of years at Canyon city, as stated in the description of Fremont county, and at 
Pueblo, as noted under Pueblo county. In addition to these a fewcomimtations of the daily discharge of the river 
at La Junt5i have been made by the ('nited States Geological Survey covering the period from May to August, 1889. 
The average discharge at this place during these months was 031 second feet, the greatest flood amounting to 2,620 
second feet and the minimum flow, which occurred in August, was 55 second-feet. 
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Several of the larger canals have dams across the river diverting all of the water, but at a point farther down 
stream there is usually an amount suflicient to partly flli the next canal. This was the case during the low water 
of 1H89, when the Catlin canal appai^^ntly took all of the water, but at the dam of the liocky Ford canal, 10 miles 
below, there appeared to be a stream of considerable size. There are a few small ditches in the county, deriving 
water from springs or from small storage reservoirs in depressions on the plains. The Purgatoire, which, flowing 
from tlie southwest, empties into the Arkansas at La Junta, is of little value for inigation, since it is nearly dry 
during summer and is at all times liable to sudden floods. Measurements of the discharge of this stream are 
given under the description ot Bent ccmnty. 



a It WMH umhI in 1891. 
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^'o crops are rjiised witliont irrigation, but with it grain, liay, and fruits are successful. The cost of water 
rights from the large companies is usually from $10 to $12 per iicre, and the annual charge for delivering water 
about $1 .50 per acre. Many of the farmers state t liat their lands are heavily mortgaged in order to i)ay the $800 or 
tl,000for an SO-at^re water right, and with this debt, bearing interest at 10 per cent, they find diflBculty in struggling 
along. The principal canals constructed in whole or in part are on the north side of the river, the Bob Creek canal, 
owned by the Colorado Land and Water Com])any, the Lake canal, and the Arkansas canal, of the Arkansas River 
Land, Reservoir, and Canal Company. On the south side of the river are the Rocky Ford Highline canal, the 
Oxford ditch, the Otero canal, the Catlin ditch, with the Fairmount extension, and the Rocky Ford Town ditch. 

The-RoilCreek canal heads about 2 miles west of Bocnieville, and after following along near the river for about 
20 miies turns oti' toward the northeast. Construction was begun in February, 1890, and the canal was so plann^ 
as to carry 750 second-feet. It has been located for a distance ol 118 miles and constructed for 05 miles at a cost 
of $270,000. The Arkansas canal heads II miles above La Junta and follows along the north side of the river at an 
average distance of from 2 to 5 miles. This canal was constructed at a point where a small ditch was formerly 
taken out for the purpose of irrigating a government Indian farm. The enlargement of this ditch was begun in 
1888, and the canal thus constructed was extended for a distance of 113 miles, work being completed in 1889. The 
capacity for the lirst 7 miles is estimated to be 838 second-feet, then gradually diminishing. A dam 025 feet in 
length builtof piling, timber, rocks, and earth has be«n constructed across the river, the height being 4.5 feet above 
the bed of the stream. During the first year or two enormous quantities of water have been required in order to 
saturate the lands, but it is expected that less and less will be used each year after the subsoil has been filled. 

The. Rocky Fprd_BUghline canal, owned by the Rocky Ford Canal, Reservoir, Land, Loan, and Trust (Jompany, 
takes water from the S(mth side of the Arkansas river at a point in Pueblo county about 2 miles above Jackson. 
It follows along the river at a general distance of from 2 to 5 miles and has a total length of 78 miT^. The total 
cx)st is reported to have been $225,000. It was begun in .January, 1890, and used in the same* year, ^o dam has 
been jdaced in the river, the head of the canal being below the bed of the stream. Shares in the canal are sold at 
$100 each, entitling the owner to water for 10 acres, or to 0.18 second-foot. The probable assessment for keeping 
the canal in repair is about 25 cents per acre. The canal has not been in operation for a time sufficiently hmg to 
determine this. For convenience the amount of water is usually expressed in miner's inches, and it is assumed that 
1 second-foot equals 38.4 miner's inches. It has been estimated that at first 1.44 second-feet will be required for 80 
acres, but that after 1 or 2 years this quantity will be sufficient for 100 acres, the tendency among the better 
class of farmers being to use a less quantity of water per acre and to cultivate smaller areas with greater care. 

The Oxford Farmers ditch takes water from the river at a point about 7 miles below the above canal and 1.5 
miles west of Nepesta, I^ueblo county, and continues for a distance of 14 miles. The average bottom width is 14 
feet, and the cost was $34,500. The canal was enlarged to its present capacity in 1889. The da:n tor diverting the 
water was made by driving ])iles across the river 4 feet apart and filling the spaces between these with bnish held 
by barbed wire, the piles having been cut oft to the level of low water. The (^anal is owned by a corporation 
composed of farmers and water is divided in proportion to the ownership of stock. 

The Otero canal heads near the western line of the county about a mile above Fowler. It flows along between 
the Rocky Ford Iltgh line canal and the river, being at an average of about a mile distant from the former. This 
canal as planned will be over 100 miles in length. It has an average width of 18 feet and is stated to have cost 
$200,000 for the first 06 miles. The canal was b<»gun in March, 1890. As in the case of the higher canal, there is 
no dam in the river. Water is measured through an orifice (i inches high under a 5 inch head. The cost of water 
right is $12.50 per acre and the annual assessment 15 cents per acre. 

The jjjitlin ditch, owned by the (Ratlin Land and Canal Company, takes water from the Arkansas river at the 
mouth of Apishapa river or creek. It is at an average distance of from a quarter 4)f a mile to a mile below the Otero 
canal, these being nearly ])arallel thnmghcmt their course. The canal is^^O miles long, 20 feet wide, and cost 
$55,000. It was begun in 1SS4, finisiied in 1887, and claims y)riority over the other canals in this district. The 
dam in the river consists of sheet piling and stone and is intended to be perfectly tight. Water is usually sold at 
the rate of $1.50 per acre ea<'h year, a ])ermanent right costing $10 per acre, with about 15 cents per acre annual 
assessment. This canal has been continued toward La Junta by farmers who have built what is known as the 
Fairmount Extension. 

The Rocky Ford Town ditch heads about 2 miles east of Catlin and continues in a southeasterly course through 
Rocky Ford to Timpas creek. It is 14 miles long, 12 feet wide, and cost $30,000. The dam in the river has been 
made of ])iles bound together by 'vire cable and has been made tight in part by use of brush held in place by 
barbed wire. The canal is owned by the persons who use the water, and the average expense i)er acre of 
maintaining the canal is estimated to be about 25 cents. The canal was begun and first used in 1874, being 
completed in 1888. 

Ouray county is southwest of the center of Colorado and includes a portion of the head waters of the 
U n com pa hgre river, which, flowing northerly thnmgh Montrose crmnty, emi)ties into the (lunnison, a tributary of 
Grand river. The greater part of the county is mountainous, but in Uucompahgre park and the valley to the 
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north of this are considerable areas of grazing and farm lands. The water supply is large, and as a rule each 
irrigator has his own ditch. The general altitude of the farming lands is about 7,000 feet, and the climate is 
favorable for the production of all of the liardier fruits and vegetables. There is usually a sufficient rainfall to 
start the crops, irrigation not being employed until the young plants are well under way, as the water, coming 
directly from the mountains, is very cohl. Oats, the principal crop exce])tnig hay, are usually harvested in 
September, but if the season is unusually rainy they may not be cut until November. The arable land extends in a 
narrow strip along the river and tributary streams and is easily brought under irrigation. In most cases an excess 
of water is used, little care being given to its distribution over the fields. There is more or less waste, although a 
great part returns to the river by seepage. 

Park county is in the center of the state, and includes within its borders the broad basin like valley known 
as the South park. This lies at an el(»vation of from 8,000 to 10,000 feet and is sun ounded on ail sides by high 
peaks having an altitude of from 12,000 to 14,000 feet. The ])rincipal industry after mining is stock raising, the 
climate of the valley being too cold and arid for general agriculture. The only crops of importance are those for 
forage ])urposes, hay being made mainly ftom native grasses. A few potatoi»s and other garden vegetables are 
produced, some of tliese without irrigation. The rainfall during the summer is not snfficient to produce good crops 
of hay and it has been found necessary to ]>ractice irrigation. The water su])ply is large and well distiibuted, 
streaiih'* coming into the paik from all sides, uniting tinally to form the South Platte river. Along eawh of 
these streams are small ditches utilizing the greater part of the water, especially that which comes after the 
spring flood. Near the point where they issue from the mountains the streams are never dry, but further out into 
the park their flow becomes greatly diminished. As a whole there is seldom Scarcity of water, but occasionally 
irrigators on the lower part of the stream do not obtain their share and ccrnqdaint is made that there is little 
res])ect for priority of right. 

The flooding of the meadows begins about the first of May, or from that time to the middle of the month, and 
is carried on continuously until it is time to cut the hay. Great quantities of water are used, 'much of it returning 
by see])age, since the evaporation at this altitude is relatively small. Projects have been set on foot to ston^ a 
part of the floods of spring along streams whose waters have been overappropriated, and one company at least 
has been formed to utilize a lake as a reservoir. Water storage in and about the park is of far greater importance 
to irrigators in the counties along the South Platte than to the inhabitants of this region. The losses of crop here 
on account of scarcity of water are insigniflcant when compared to those down on the edge of the ]>lains, and it 
appears essential to the future develoi)ment of irrigation that works of this kind be constructed near the 
head waters, where water can be held at a comparatively small expense. 

Few measurements have been made showing the amimnt of water available. During the Hayden survey in 
1870 observations were taken showing that on July 3 the middle fork of the South Platte at a'point about miles 
below Fairplay <lischarged '588 second- feet, and that above the mouth of the Little Platte on June 29 the discharge 
was 367 second-feet. Below the mouth of Twin creek the discharge on June 23 was 1,015 second-feet, and down at 
the foot of the canyon on September 8 was 1,400 second-feet. In July, 1887, the state engineer of Colorado 
established a gauging station near Deansbury in the (canyon of the river about 26 miles south of Denver, the 
drainage area here being 2,600 square miles. The results obtained at this place give the total discharge from the 
South park and show the amount of water available for use on the lands below. During four years the greatest 
coin])nted discharge at this place was 788 sec'ond-feet and the least 90 second-feet. The average discharge during 
the (» months from May to October for the years 1888, 1889, and 1890 was 329 second-feet. 

Phillips county is in the northeastern part of Colorado, south of the South Platte, from which it is separated 
by Sedgwick county. It is situated upon the rolling prairie, where there are no perennial streams, water being 
derived from wells of from 100 to 300 feet in depth, usually pum])ed by means of windmills. Irrigation is not 
l)racticed on account of the la<k of water. Frenchman river rises in this county, but the channel here is dry 
during a great part of the yciir, though in Nebra>ka it becomes a perennial stream. The soil of the county is 
remarkably rich, and the climate, though dry, is enjoyable. Were it not for the prevailing droughts the county 
wimld be bnmght under c^miplete cultivation. Many farmers were induced to settle here upon representations 
that the droughts were diminishing, but after four or tivr years' ineflectual struggle a number have been compelled 
to abandon their claims. 

Pitkin coi ntv is south of Kagleand includes the head waters of Roaring Fork, a tributary of Grand river, 
above <u' south of Fryingpan creek. In the valley along Roaring Fork the altitude is nearly 8,000 feet and the 
climate is too severe for agricultural products except the hardier cereals and forage plants. Water for irrigation 
is taken out of the streams which come from Elk mountains on the southwest and from those rising in the 
Saguache range on the east. The principal of these are Castle, Snowmass, Capital, and Woody creeks, the water 
supply in which is ample for present needs. At Aspen, the principal mining town in this vicinity, is a good market 
for everything that can be raised. Tlic ditihes of the county are small, mainly under 5 miles in length, and are 
owned and controlled by the irrigators. 
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Prowers county lies on both sides of the Arkaiisa^s river on the eastern side of Colorado adjoining Hamilton 
county, Kansas. On the west is Bent county, from which come large canals bringing water ft'om the river far 
out upon the prairie lands. Under these canals are hundreds of thousands of acres to which water can be t^ken 
if it is to be had. It has been found ditticult, however, to obtain an ample supi>ly at this distance from the head 
of the canals and many complaints have been made by farmers concerning the management and distribution of the 
water. It is stated that the ditch companies operating in the Arkansas valley of eastern Colorado have sold more 
water rights than (;an be made good by the supply available and have misled settlers by statements regarding 
probable crops and prices. Many of the farmers have mortgaged their land to the companies and must pay the 
interest and part of the principal at stat(»d periods. There is no penalty imposed on the company for failure to 
furnish water, and thus farmers state they are left in the position where, not receiving the water paid for, they 
can not raise crops and pay off the mortgages. The feeling against the speculators or capitalists who have 
organized these schemes has been especially bitter in this and adjoining counties toward the west. 

This county is unusually well provided with canals and ditches, and wherever they are successfully conducted 
lands are rajndly being brought under cultivation. The great question, therefore, is as to the extent and permanence 
of the water supply, and all interest centers on the feasibility of providing suitable storage. There are already 
under way a number of projects involving the construction of reservoirs in depressions adjacent to channels from 
which it is hoped to obtain water during times of flood. Many attempts have been made to raise crops without 
iiTigation, but usually without success. The situation here has been similar to that in western Kansas, where 
during the years 1886 and 1887 settlers poured into the country and after struggling against drought became 
discourged to a greater or less extent, many leaving their homes and possessions to avoid starvation. Fair crops 
of sorghum have been raised, and also under favorable conditions potatoes have done well, but as a rule little 
confidence can be placed in crops not watered regularly. 

On the north side of the Arkansas, and about 8 miles from the river, is the lower part of the Arkansas canal 
project owned by the Arkansas River Land, Reservoir, and Canal Comx)any, mentioned in the description of Bent 
county and shown on the map. Nearer the river, and heading 1 mile west of the county line, is the Amity canal. 
South of the river is the project known as the Colorado and Kansas canal, from which a few water rights have been 
sold. Below this, and heading near the western county line, is the Bed Rock ditch, supplying Lamar, and in turn 
down the river are the Lamar Land and Canal Company's ditch, the Black ditch, the X Y Irrigating canal, and a 
number of others. 

The canal of the Bed Rock Mutual Ditch Company heads about 8 miles w^est of Lamar and takes water out on 
the south side of the river to lands in the vicinity of that town. The total length is 11 miles, average width 10 
feet, and the cost was $18,000. The ditch was begun in March, 1889, and used to a small extent during that year. 
It is owned by a corporation, four shares in which entitle the owner to a water right, namely, sufficient water for 80 
acres. The average cost of these water rights per acre was about $5 and the annual assessment 15 cents. The X 
Y Irrigating ditch heads about a mile north of Carlton and carries the water easterly for a distance of about 14 
miles. The average bottom width is 8 feet, and the cost was $15,000. Water is diverted by a temporary brush 
dam. The ditch was begun in the fall of 1889 and used in the following year, from 400 to oOO acres being irrigated. 

PvEBLo COUNTY is scmtheast of the center of the stat^ lying on both sides of the Arkansas in the part of its 
course where it changes from a mountain stream to a broad, shallow river, with gentle fall. There are within the 
county many small ditiihes taking water upon narrow valley lands and farther down the stream the head works of 
larg<* canals designed to cover thousands and even hundreds of thousands of acres. The Arkansas receives both 
from the north and from the south a number of tributaries heading in the foothills. Taking these hi order down 
stream, there are, on the north side of the river, Turkey and Fountain creeks, and on the south, Rock creek, St. 
Cnarles river and its tiibntary, (Ireenhorn creek, and Huerfano river. Lach of these, like the main stream, supplies 
water, especially near its head waters, to a numl)er of irrigating ditches. 

On the western edge of the county among the mountains, as, for example, near Rye and other localities where 
the altitude is between (J.OOO and 7,000 feet, stmie of the cereals are raised without irrigatiim, but taking the county 
as a whole this is excei^tional unless there hapi»ens to be an unusually large amount of snow during the winter. 
The quantity of water available for irrigaticni falls far short of the demands made ui)on it. This is especially 
notable in the case of'tlie tributaries of the Arkansas. In the main stream itself within the the limitsof the county 
then* is a r(»latively large amount of water at all times of the year, but all of this, except during the Hoods, is needed 
by the canals covering hinds in Otero and Bent counties. Measurements of the amount of w^ater in the Arkansas 
have been eontinued through several years at the gauging station at Canyon, as giv en in the description of Fremont 
i'ounty. A shorter series of gaugings has always been made at Tueblo and also at Rock canyon, about 9 miles 
above the city. 

The measurements of the Arkansas at Pueblo were carried on under the direction of the state engineer of 
(%)lorado during 1885, 1880, and 1887. The maximum discharge at this place was, in May, 188^], TjGoO second-feet, 
and the minimum recorded was about 400 second-feet. The average discharge throughout the year, estimating the 
amount for tiie winter months, in 188(>, was 1,441 second-feet and in 1887 was 1,323 second-feet. The total area of 
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the catchment basin above this point is 4,600 square miles, and this amount of water discharged from the basin is 
equivalent to a depth over the whole area of 4.3 inches and 3.9 inches in the two years, respe<*tively. 

The measurements made at liock canyon by the United States Geological Survey during May, June, July, and 
August, 1889, showed that the greatest discharge during that time was 4,375 second-feet, and the least was 405 
second-feet. The average for these 4 months was 1,210 second-feet. Attempts were also made to measure the 
amount of water in the Huerfano at the outlet of the Cucharas canyon, about 20 miles southerly from Pueblo, but 
at the times visited, in June and July, 1889, the bed was almost dry, the discharge probably beiilg from 3 to 5 
8econd-fe<4.. Measurements of St. Charles river, or rather creek, at a point in the canyons about 22 miles scmthwest 
from Pueblo showed that on September 10 the discharge was only 3.5 second-feet, this discharge coming in equal 
quantities from the north and south forks. 

There have been several attempts made within the (county to increase the water supply at various points by 
laying drains beneath the surface of channels dry thioughout a great part of the year. Along Fountain creek at a 
placre below i>oint^ where the water has been comi)letely diverted, an irrigator .has laid a box drain starting at the 
surface and continuing up stream, with a rise of only about 1 inch per 100 feet. This box is 1,300 feet in length, 
and finally reaches a depth of 10 feet below the surface. The statement is made that the discharge from this, even 
during dry weather, is upward of 4 second-feet. In otlier localities, especially in the vicinity of Pueblo, storage 
reservoirs have been made and othei* works of this class are projec^ted. 

Rio Blanco ch)i^nty is near the northwestern corner of the state, north of Gartield county, of which it 
formerly was a part, it includes the greater part of the area drained by the White river, this stream flowing 
through the county in a general westerly course. Much of the surface consists of high plateaus, deeplj' eroded 
and cut into cliffs and hills. On these plateaus, or mesa lands, is some grazing, but there is very little water, 
especially during the hot weather, springs or pools being found only at hmg distances from etich other, and ofUm 
in deep canyons or narrow gorges. The White river, for a great part <>f its course, flows through a narrow 
valley, the arable land seldom attaining a width of a mile. Near the ohl White Kiver agency the valley ex])and8, 
and also ^irther down the stream, at Powell park and liaven park, near Rangely. The river receiACs a large 
number of tributaries from the plateau lands on each side, most of these streams having cut canyons into the soft 
rocks. The water in these during summer diminishes and generally ceases to run, standing in pools or disappearing 
altogether. Along the principal tributary, Piceance creek, coming in from the south, is a strip of arable land, 
much of which has been brought under irrigation. The water supply, like that of Routt county, is large for the 
present amount cultivated, but as farming operations are extended there Anil be difficulty in the distribution of 
the water. 

The main stream discharges an amount far greater thati will 1m» needed to bring all of the tillable land along 
its v'alley und<»r irrigation. The exj)ense of c(mstructing canals, however, to use the water is so great that the 
settlers have been unable to take them out. They have built a few ditches from the river, but most of the small 
irrigating systems de])end upon the tributaries, on account of the ease with which the ditches c^mld be built from 
these at the points where side streams enter the valley. Thus, although the water supply of the county is large, 
yet that which can be utilized by present methods is far below the needs of the cultivators. 

The greater part of this county is included within water district No. 43, a portion of division VI, which 
embraces the drainage basin of (Ireen river in Colorado. The ditches in this district were adjudicated shortly 
before the census year. Most of the ditches in use during tJie census year were small, less than 2 miles in length, 
a few being longer. The Coal Creek ditch, taking water from the creek of that name above Meeker, is 5 miles 
long, ."> feet wide, and cost $2,500. It was built in ISSO and used in 1887. It is owned by private parties, who, in 
1889, irrigated 200 acres, nearly all of this being in wh(*at. oats, and Jiay. The Meeker Bridge ditch takes water 
fnnn White river at Meeker, and covers land on the south side of the river. It is 2 mih\s long, 3 feet wide, and 
cost about 1^800. About 100 acres were irrigated in 1880, this being in cereals, potatoes, and grass. 

llio (iRANDE c<mnty contains some of the largest irrigating canals in the United States, the water being 
derived frcnn the Rio (Jrande and carried to the nortli, east, and south attross the broad San Luis valley into the 
counties of Saguiiche, Costilla, and Conejos. The banks of the river are low and beyond them the ground falls 
away gently toward the northeast and southwest, rendering diversion of the water a matter of moderate cost or 
of relatively slight expenditure of labor. It has thus been possible for many farmers to take out ditches, in some 
CJises the first cost of the main ditch not exceeding j?1..'>0 per acre supxdied, the laterals or distributing ditches 
aggregating as nmch more. Only a small j proportion of the vast extent of valley land has as yet been cultivated 
by irrigation, but the diversions or appropriations of water are so complete that there is little more to be had even 
in wet years. At this high altitude*, Del Norte being 7,SGr> feet above sea, the crops consist mainly of the cereals 
and of hay. 

The princijial canals head at or near Del Norte and at ])oints farther down stream, (a) Besides these are 
numerous ditches taking water from tributaries of the Rio Grande, from Embargo, Pinos, and other creeks. 

a The quantity of water in tho river above the h(>ad of tlio hirge irrigating syateniN Iuih iMren measured at a point ab«mt 3 miles above Del Norte since 1889, 
the reMilts of these measurements being shown diagramraatically in the accom]ianying figure. In this diagram the light broken line indicates the quantity of water 
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The principal irrigatiug systeiiiw nre, ii« shown by the map, on the northern side of the river, the Del Norte 
(later known as the Uiy Grautle) canal. Midland ditt^h. Fanners Union, North Stjvr, and Fish ditches, the Sau Luis 
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2iud tlie Keiiflwcfrtli canals; on tb(» south side tlie Monte Vista, Rio Grande and San Luis, Empire, Centennial, and 
other canals. The pel Norte caaaK owned by the liio Grande Land and Canal Company, heads one-half mile 
^ibove Del Nortc^Hndj_leaving ?IieTtVer almost at right angles, runs northeasterly into Saguache county. The total 
length is about 35mile^/ the width at the head 60 feet, narrowing gradually until at the terminus it is 12 feet wide 
ou bottom. The characters of canal and of the country traversed are best shown by the accompanying illustration. 
Besides the main ditch there are .'578 miles of laterals, of a bottom width of 8 feet and upward. The total cost of 
this system has been placed at $700,000. Water rights are sold at the rate of $5 ])er acre near head of canal or 
$12 per acre near the lower end. When rented the charges are from 50 cents per acre to $2 per acre per annum, 
while the annual assessments on water rights are from 10 cents to 50 cents i)er acre, according to distance from 
head gate. Much of the land under these canals is rapidly bec>oming saturat<Ml, so that the question of drainage is 
assuming more importance than that of irrigation. Crops are raised on a number of farms without irrigation, 
sutiUcient water being supplied by percolation or " subirrigation". 

The Farmers Union ditch takes water from the northern side of the Uio Grande about 5 miles east of Del 
Norte, and, like the canaTirtJove mentioned, it runs northeasterly. The total length l^i_milfi^nd the average 
width 35 feet. Work was begun in 1887, the system not being complete in the census year. The ditch is owned 
by farmers, who divide the water according to the number of shares held by earh. 

The diteh of the Monte Vista C^allaM2ompany. formerly kiiov^i as the Citizens ditch, lieads on the south side 
of the Rio Grande about 8 miles below Del Norte. It is(44 mile« long, 45 feet wide at heiul, 40 feet wide at 30 
miles from head, and 14 ieet wide at terminus. The total cost is estimatinl tD have been $480,000. Water rights 
are sold at from $8 to $12.50 per statutory inch, the annual charge or assessment per statutory inch being from 20 
cents to 55 cents. From 80 to 100 of these inches are usually allotted to 160 acres, but after the land is irrigated 
for a time this quantity is generally found to be excessive. As on the north side of the river, some of the lands 
are becoming saturated and diainage questions are be<'oming of i)rime importance. The Kmpire canal heads 
about 2 miles east of Monte Vista, exti^iuU»^Mi*om this point in a southerly direction, being thus from 3 to 5 miles 
east of the Monte Vista canal. It i ^O mi lesjong, 00 feet wide at head, and 20 feet wide at lower end. The cost 
of the canal has been placed at $400,000. Work was begun in 1882, the canal being completed to Alamosa creek 
in 1884 and to Conejos river in 1880. In this latter year the water supply was very i)oor and the crops were 
below the average. 

Routt county, occupying the northwestern corner of Colorado, has the largest area of any county in the state. 
It extends from the continental divide westward to Uinta county, Utah, and includes the greater part of the 
•drainage basin of the Yampa river. The service consists of deeply eroded idateaus, or mesa lands, broken by hills 
and mountain ranges. The altitude of the plateaus ranges from about 7,000 to 8,(K)0 feet, the mountiiins on the 
feast rising to heights of 11,000 feet and over. Tlie ])opulation is scattered, but is nminly in the eastern part of 
the county in the natural parks near the head waters of the streams, ('attle raising is the principal industry, 
and small areas aie tilled on many of the cattle ranches, the greater part of the water being used, however, for 
hay and meadow lands. 

In nearly all parts of the county it is necessary to iiTigate crops and trees in order that they may live through 
the summer. In the eastern end, however, near Steamboat Springs, and at ^joints higher on the Yampa river 
the cereals and hardier vegetables are raised without the application of water, the precipitation in the vicinity of 
the mountains being probably greater than that over other portions of the county. The methods of irrigation are 
crude, since it has been practiced for but a short time. Nearly all of the ditches have been built by neighboring 
farmers. In the parks and at other places where the rivers have not cut deep canycnis it is comparatively easy to 
divert the water and cover large areas of valley land. The mesas, however, forming the greater part of the county, 
are nearly all above the reach of water, and, although having a soil often of great fertility, they are valueless for 
agriculture. At points where streams can not be diverted by ditches attempts have been made to pump water by 
hand, horse, and steam power, but without success, the value of the products being too small to justify the required 
outlay. 

Within the county there are no railways or similar nu^thods of transportation, the nearest shipping points being 
in southern Wyoming, 40 miles or more north of the county. As a consequence the products are for consumption 
by ranchmen and their families. Large quantities of hay are raised, in a few places alfalfa being successful. Two 
•crops of this have been cut, but on account of the cold nights and early frosts the yield is small. Timothy is 
reported to thrive remarkably, and under irrigation the native bluestem grass does well for a few years. 

Although the cx>unty is thinly settled, it is stated that in the more favorable localities much of the land has 
been brought under irrigation that can reswlily be suiiplied, and settlers have taken up every piece of arable 
ground near springs or perennial streams from which water can be diverted. There are as yet few contests 
concerning the division of water, although occasionally a farmer at the lower part of the valley has complained of 
the increasing divei'sions made above him. There still remain localities where lands can be brought under 
irrigation by building canals from the larger streams, but such enterprises require the expenditure of more money 
than the present inhabitants possess. In a few instances high water ditches have be^n built, these receiving water 
only in times of flood, and at a few points wheels for elevating the water liave been tried. Estimates of the water 
1690 IE 9 
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supply from the Ya]ii])a were made by Ileury (xauuett, as stated iu the Ilayden re|K)rt for 1S7(), page 338. A 
gauging made about the middle of November at the ford of the wagon road from White River agency to Uaw^ius 
gave a discharge of 364 se^M)nd-feet, this being at about the lowest stage of the water. 

The ditches of the crounty are short, most of the streams utilized having sufficient foil, so that each farmer or 
group of irrigators can divert water without long canal lines. Water is taken mainly ft'om Fortification creek 
and its tributaries, Elk river, and the u])per i^irt of the Yampa. A descrii)tion of a few of the larger ditches will 
serve to give the genenil character of all. The Plea^^ant Valley ditch is on the west side of Yampa river and 
heads about 15 miles above Steamboat Springs. It is 7 miles long, 7 feet wide, and cost about $1,200. Work on 
it was begun in 1889, and water was use<l in the suc(»eeding year. The Woolery ditch is on the south side of 
Yampa river, heading about a mile below Steamboat Springs. It is 3 miles long, about 8 feet wide, and cost $800. 
The supply of water is ample, and each person having ownership in the ditch uses as much as he wishes. The 
principal crops are wild hay, with a little timothy, oats, wheat, and barley. 

The Reid ditch is on the south side of Yampa river, heading about 5 miles above Hayden. It is 7 miles long, 
10 feet wide, and cost $3,000. Work was begun in 1882 and completed in 1889. It is owned by ranchmen, and is 
used to irrigate hay and oats. In this valley there are 3 other ditches, similar in many respects. The Big Cut 
ditch takes water out on the north side of Yampa river, about 3 jniles above the town of that name. It is 4 miles 
long, 8 feet wide, and cost $3,500. It was begun in 1886 and finiished in 1890. At this ^wint the fall of the river 
is so slight that it is expensive to divert wat^r, but the supply is ample. Little Bear Creek dittrh takes water from 
the creek of this name, about 5 miles above the point where it empties into Fortification creek, covering land 
between these two streams. It is over 4 miles long, 3 feet wide, and cost $2,000. The water supply is fairly good 
except in the latter part of summer, (a) This county and the adjoining county, Rio Blanco, with the exception of 
small areas, are included within water division VI, this comprising lands within the drainage basin of Green river, 
or rather within that of its two principal tributaries, Wliite and Yampa. This has been subdivided into water 
districts numbered 43, 44, 54, 55, 56, 57, and 58. District No. 43 embraces all of the W^hite river drainage, and 
therefore includes nearly the whole of Rio Blanco county, as previously stated. The remaining districts, excepting 
56, are within the watershed of the Yampa and include all of Routt county, excluding a small portion in the 
southeastern corner, where the county lines extend into the drainage basin of Grand river. The irrigators using 
water from the Yampa and its tributaries have been very <lilatory in securing an adjudication of their water rights 
or in taking the first steps toward i)utting their claims upon recoi*d as re(j[uired by state law. In these somewhat 
remote localities there has been great ignorance as to the objects and value of ac\judication of water rights, and 
even considerable hostility toward such work. 

In each water district there are reservoirs commenced or projected. These are usually small and intended to 
furnish water only for one or two ranches each. Both Routt and Rio Blanco counties are^ as previously stated, 
usually well watered, especially in their eastern parts, and it is safe to assert that the area of land now irrigated 
can be greatly increased in the future. In the eastern end of Routt county the supply of water if properly 
conserved and distributed is probably in excess of the irrigable land. In the western parts of both Routt and 
Rio Blanco counties, for land which can be irrigated directly from the main rivers, White, Yampa, and Green, 
there is a superabun<lance of water, but along the tributaries in this part of these counties the irrigable land is 
probably in excess of the water supply. In the northern and western portions of Routt county, along Little Snake 
river, there is still a large amount of water unutilized, but it is probable that the supi)ly will fail before all of the 
irrigable lands can be covered. 

Both Routt and Rio Blanco ccmuties were settled by stockmen, who allowed their herds to roam over the 
government lands. Stock raising is still the most important industry, but the conditions are gradually changing, 
the herds being smaller and, as a consequence, better kept. The owners are making bettiT preparation every year 
for raising hay for winter feed, increasing the area of meadows and uplands in forage crops, these depending upon 



a A gcuevRl re]M>rt u]k)u tlie <M)ndition of irriization in thiH aod tho atl^ioining county of Kio RInncu has boen made by J. C. Kennedy, C. E., under dato ttf 
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irrigation. Wild grasses have formed tbe priucipal acreage thus watered, but alfalfa and cultivated grasses are 
displacing these. Next in importance to the forage crops are oats, potatoes, barley, rye, and wheat, all of which are 
being largely grown. 

Saguache county includes the northern part of San Luis valley or park, the northwestern corner extending 
over Oochetopah hills, and including a small part of the head waters of Gunnison river. The western boundary of 
the county is formed by the Sangre de Christo range, beyond which is the valley of the Arkansas. From these 
mountains and hills streams flow inwardly toward San Luis park, and entering upon the edge of this vast plain 
tend to form swamps or lakes. Some of the streams unite and flow toward the south, but all ultimately disappear 
by evaporation from the marshy lands. Since the settlement of the country, however, farmers have begun to 
divert the water from these streams by means of ditches heading near the foothills and carrying the water out ia 
every direction over the nearly level surface. 

The altitude of this part of the valley is from about 7,700 feet to 8,000 feet and over, but the climate, though 
somewhat cold, is not too severe for most of the ordinary agricultural products of temperate regions. Certain of 
the cereals and grasses, with water properly applied, reach a high degree of excellence, and potatoes, as w^ell as 
other common vegetables, are raised with profit. Few, if any, crops can be raised without irrigation except on low 
lands wet by seepage from streams or canals. Water is obtained for use in the county from creeks and from the 
Rio Grande, being brought out by large caimls heading not far from Del Norte, as mentioned in the description of 
Rio Grande county. The iiccompanying illustration shows the size of one of these canals and exhibits the 
character of the country traversed as well as the methods of controlling and dividing the water for the two 
main branches. The methods of irrigation in use, especially along the various creeks, are very wasteful of water, 
and the best results are seldom attained. Far larger areas could probably be cultivated and a heavier yield 
per acre obtained by the employment of the same amount of water more systematically utilized. Most of the 
men owning large ranches turn the water out upon the meadows in spring and let it run (continuously with little 
attention until about the time to cut hay. Most of the lands are thus flooded, some spots receiving too much 
water and others not enough. During the census year cereals were raised on 4,2G7 acres, of this there being in 
oats 2,570 acres, with an average production of 24.95 bushels per acre, and in wheat 1,396 acres, with an average 
production of 20.78 bushels per acre. 

In the northwestern corner of the county is Oochetopah creek, flowing northerly from the hills of that name 
into Gunnison river. Along this creek is a narrow valley at an altitude of about 9,000 feet. Water is taken from 
this stream by the various ranchmen and carried by ditches along the sides of the valley, the method of irrigation 
being similar to that practiced in most of these isolated localities where water is abundant. Openings are made in 
the side of the ditch every hundred feet or so, allowing a ]>ortion of the water to escape when the ditch is full. 
The banks soon become covered with grass, so that the water does not cut them away or enlarge the openings. 
At the beginning of the irrigating season water is turned into the ditch, and a day or two later the owner rides 
along the ditch to see that water is coming from the various openings, and whether the high places are being 
properly wet. After water has been flowing in this way for from one to two weeks the head gate of the ditch is shut 
for about 2 weeks, allowing the ground to be warmed and dried by the sun, and then water is turned on again. By 
this method there is a considerable area of wasteland in all the meadows, water not reaching all parts alike. The 
grass raised in this way is in some places native, in others timothy or redtop, all of these furnisliing excellent 
feed for cattle. 

San Juan county, in the southwestern part of the state, includes a portion of the high mountain area north, 
of La Plata county. The altitude at the lowest point is over 8,000 feet, this being in the narrow valley of Las 
Animas river. Agriculture is not atteinpte<l, or at least during the census year there were no farming operations 
worthy of enumeration. Although there are no arable lands in these high valleys, yet there are apparently many 
places at which water can be stored for use on farming lands farther to the south, and thus the county may have- 
considerable importance indirectly for the development of agriciUture in other localities. 

San Miguel county is one of the long, narrow counties in southwestern Colorado, extending from the^ 
mountains in Ouray and San Juan counties west to the Utah line. Agriculture has made but little progress, 
the first crop of any considerable size being produced in 1888. The water supply in the eastern end, near the 
mountains, is large, but the streams as found at lower altitudes are mainly small, or are difficult of diversion. There 
is an enormous extent of mesa land, much of it fertile, but it is doubtful whether wat^r (;an be brought to it. 
A number of ditches have been dug covering lands along San Miguel river, tliese being owned by the farmers. 
One corporation, the Naturito Ditch Company, has diverted water from Middle and Little Beaver creeks, selling 
water rights to irrigators at the rate of $10 per acre. 

Sedgwick county is in the extreme northeastern corner of Colorado, north of Phillips county, to which it js 
similar in many respects. The South l^latte flows diagonally through the county, but during the summer luid 
until November it is usually dry. Kven at this time, however, water can be found in the sandy channel by digging 
a few feet below the surface. Many attempts at farming made in this county have not been successful, and the. 



132 IRRIGATION. 

population steiuiily decreased from 1887 to 1890. Some of the farmers state that they have tried to raise crops and 
have failed three or four years in succession. I loi)es are entertained that by means of suitable dams or deep ditches 
the water in tlie bed of the South Platte can be broug:ht out upon some of the lower lands. It is extremely doubtful, 
however, whether the quantity realized will repay the expense, for the passage of the water through the sands of 
the bed of a stream is comparatively slow, and when these are partially drained the inflow is very small. Surveys 
have been made, however, in the hope of bringing the water out and carrying it far easterly into Nebraska. The 
wells from which wat^r is at present obtained are in many instances from 250 to 300 feet in depth, are tubed with 
liinch pipe, and pumped by means of windmills. Persons not owning wells buy water at a few cents per barrel. 

Summit county includes a narrow valley through which flows Blue river, a tributary of Grand river. Along 
the river are small areas of arable land, but the climate is too cold for general agriculture, frosts occurring nearly 
every month in the year, the altitude of the lower lands being from 8,000 to 9,000 feet. Besides its mineral wealth 
the county is valuable for stock raising, there being good grazing on the lower slopes. Nearly every ranch in the 
valley is provided with a small irrigating ditch, the water being used for raising hay. The supply is large, 
especially from the streams on the south side of Blue river, the principal drawback being that mine tailings are 
•discharged into some of the creeks, lessening the value of the water for irrigation puri)oses. 

Washington county is in the n(ntheastern part of the state, including a xM)rtion of the^rolling prairie south 
of the South Platte river, the northwestern corner coming down to this stream. The ymncipal towns are near the 
railroad in what is known as Yuma valley. No irrigation is carried on except near the South Platte on account 
•of the absence of perennial streams. The only source of water supply for the greater part of the county is from 
wells dug or drilled to depths of from 100 to 200 feet or over. There are a few scattered springs, but these are 
employed almost exclusiv^ely for watering cattle, the surplus being too small for purposes of irrigation. 

Cereals and vegetables grow with great luxuriance until the latter part of June or first of July, when the 
'dnmght begins to affect them. The yield even in good seasons is less than that upon irrigated land. 
Nevertheless farming in connection with stock raising affords a living to many settlers, and an occasional good 
year goes far to make up past losses. The crops in 1889 were not i)articularly good, and in 1890 they were almost 
an entire failure, about the only thing of value being corn fodder. Attempts have been made to secure water by 
means of deep wells. One at Akron is 900 feet in dei)th and ha« a small amount of watcu* in the bottom. It is 
stated that the railroad company drilled to a depth of 2,300 feet without success. Along the south side of the 
South Platte river are several irrigating ditches which cross the county line, the jnincipal of these being the 
Platte and Beaver, heading in Morgan cimnty, and below this are the Johnson and Edwards ditches, owned by 
irrigators. 

Weld county is in the northern part of Colorado, east of Larimer county, ea«t of the foothills of the Rocky 
mountains, and upon the western edge of the Great Plains, the average altitude being about 5,000 feet. The 
principal town is (xreeley, near which are located the irrigating systems deriving water from the Cache la Poudre, 
as mentioned in the description of Larimer county. South Platte river flows into the cnmnty from the south, and 
during its course receives the waters of St. Vrain creek, which rises in Boulder county, also of Big Thompson 
creek and Cache la Poudre creek, both coming from Larimer county. Near the junction with that latter^creek South 
Platte river turns toward the east and finally enters Morgan county. The water supply of the county is obtiiined not 
only from South Platte river, but also from the cieeks above mentioned, together with several minor tributaries. 

Irrigating canals and systems of ditches have been constructed in such numbers and with a capacity so great 
that in the aggregate they could carry far more watei* than the river and its tributaries supply in ordinary seasons. 
-As in the other counties of this part of the state, there is complaint that farmers have been induced to purchase 
water rights from companies unable to furnish water except during flood seasons, and, although the supply is far 
below the necessities of irrigators, new canals are being built and old ones enlarged. The lands at present 
irrigated are mainly near the river and its tributiiries, and thus form but a small proportion of the surface of the 
county. Back from the streams are thousands of acres with a rich soil, but lying at an altitude too great to be 
reached by irrigation ditches even if wat4»r ccmld be had. 

Without irrigation little or nf>thing can be raised. Attempts liave been made at various times to farm without 
a water supply, but usually this has resulted in loss. Some of the h)wer lands receive sufficient moisture by the 
8ee])age from canals, so that irrigation of the surfaee is not required. Instances are given where the seepage is so 
.'great that lands formerly cultivated are now used for pasturage, and others are ruined by standing water. By 
thorough systems of drainage in connection with irrigation water could be saved for use on other lands and injury 
of this kind prevented. In the northern part of the county and above the canals from the South Platte and its 
tributaries very little farming is now attemptc^d. In 1885 and 1886, through the efforts of land agents, many persons 
were induced to settle upon the high lands in this county, as well as in the localities farther to the east, it being 
asserted that the rainfall was increasing and would be sufficient for the crops. Many of these so-called 
"rain belters", after trying several years, were literally starved out, having lost everything in the struggle against 
drought. Others have succeeded in making a living by working for cattle companies or for the owners of irrigated 
land. 
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The water supply on lands remote from tbe streams above mentioned is derived fix)m wells of 100 feet or more 
in depth or from shafts sunk into the dry channels of intermittent streams. The amount obtained in this way is^ 
however, too small for purposes of irrigation, being sutticient <mly for cattle and domestic i)urposes. Along Crow 
creek, which comes into the county from the north, are a number of ditches, and a little irrigation is practiced, but 
the amount of water has diminished year by year, owing probably to diversions in Wyoming. To supply the- 
city of Cheyenn<s for exami)le, a dam has been built, extending to bed rock and thus taking out the water 
percolating through the sands and gravels. Farther down the stream (channel, in Colorado, enough water returns,, 
however, to sui)ply shallow wells of from 2 to 5 feet in depth. This may be taken as an example of the streams, 
upon the edge of the plains, water being found in their beds a few feet from the surface. 

Ft has been found in this county, as in many others, that the farmers succeed in raising crops with far less 
water than was used in former years. Not only has the ground been to a certain extent saturated, but the farmers: 
gain skill by practice and observation. Nevertheless the. demand for water is rax>idly increasing, and as a rule 
the amount available for the use of each farmer has decreased. It is asserted that farming is not as i)rofitable as 
it w as before so many ditches were built, the farmers who came first not being able, though having law and cust<mi 
on their 8i<le, to secure sutticient water. The increase in the number of irrigating canals, without system or 
regulation, has thus tended toward scarcity of water and occasional loss of crops. 

Relief from crop losses can be gained in part by greater care and economy in the distribution and use of the* 
water supply and by storage of spring floods. The losses from the reservoirs on low ground, however, are very 
great, and the many unsettled (juestions regarding water rights cause the irrigators to hesitate in building large 
storage reservoirs among the mountains. A small amount of water for irrigation is raised by means of steam 
pumps, and the vacuum pump made at (Ireeley has been largely employed for this puri)ose. Several far-mers state 
that they have not been able Uy raise crops profitably by this means on account of the cost of fuel. There are 
also a few artesian wells in the county, but these discharge very small cpiantities of water. 

Weld county comprises portions of water districts No. 1 to 5, inclusive. No. 1 includes the streams coming into 
the South Platte east of Greeley, No. 2 the land along the South Platte above St. Vrain creek. No. 3 the land 
watered from Cache la Poudre creek. No. 4 from Hig Thompson creek, and No. T) from St. Vrain creek. The 
principal canals in these divisions and in this cimnty are given below^iu geographic order down stream, taking the 
tributaries in succession. On the east and south side of the South Platte river are the Folsom, the Phitteville 
Irrigating ^nd Milling Company's, the Platte Valley, Buckers, the Farmers Independent, the Union, and the Lower 
Latham ditches. On the west side of the South Platte river above St. Vrain creek are the Brighton, the Fort 
Lupton Bottom, the Side Hill, the Beenmn, and the II<idgson ditches. Along St. Vrain creek are many ditehes. 
extending into the county from Boulder county, the principal of these being the Lower Bcmlder, the Matthews, and 
the Highland ditches, and further down the Last Chance ditc»h. From Big Thompson creek come others, among 
which may be mentioned the Ilillsboro ditch and the l-ioveland and Greeley canal. 

In the vicinity of Greeley, and taking water from the Cache la Poudre on the south side, is Union Colony canal 
No. 3, and north of this stream the Larimer County ditch, the Larimer and Wehl canal, the Cache la Poudre canal,, 
or No. 2, the Wliitney, the Ogilvy, and other ditches. East of Greeley the irrigating ditches are comparatively 
Kmall and unimjmrtant, but almost any one of the canals mentioned above would be considered a factor of great 
importance in the development of most of the counties of the arid region. The great number of expensive 
irrigating systems in this county makes it dif&cult to select representative works for description, but the following 
statements may be taken as fairly typical. 

The Platte Valley (*anal heads on the east side of the South Platte river and carries water in a northerlv and 
northeasterly dii-ecfion. tln\ total length is( 30 milesi^ the average width 20 feet, and the (iost was about $50,0<K). 
It is owned by a corporation, selling water rights to farmers for $1,000, each right being intended to convey 1.44 
second-feet of water for use on 80 acres. The Union ditch heads on the east side of the South Platte river, about 
8 miles above the town of Evans. The total length is 10 miles, and the average width for the first 10 miles is 10 
i'eet^ and beyond this point is 10 feet on bottom. The total cost of the canal was about $25,000. It was begun in 
1874 and first used in 1880. Water is diverted from the river by a dam made of brush, held in pla<*e by piling, 
having in the center gates 30 feet in width. The canal is owned by a cori)oration composed mainly of land holders^ 
the ownership ];>eing divided into 250 shares, and the water distributed in proiwrtion to the number of shares held. 
The shares are worth $100 each, and it is stated that the water distributed to the owner of 10 of these will irrigate 
80 acres. The annual assessment has varied from $2 to $10 per share. 

The Beeman ditch takes water from the South Platte on the west side, about 5 nnles above Platteville, carrying 
it out in a general northerly din»ction. The total length is about 7 miles, width 10 feet, and the cost was $2,000. 
Water is diverted by means of a brush and dirt dam. The ditch is owned by farmers living under it and using 
the water. There are 40 shares, the ownership of a share entitling the owner to open his measuring box admitting 
the water to a width of 6 inches. For 2 shares the box is opened 12 inches wide; 3 shares, 18 inches, the 
depth of water in all measuring boxes being the same. Water is scarce in some years and crops are lost, in 1S8U 
there not being a full crop on any of tlie land. 



134 IRRIGATION. 

MAP OF IBBIGATIKO (.'ANALS IN THE VICINITY OV GRKKLEY. WELD COUNTY, COiX)RAI)0. 
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Tlie Lower Boiildei' »litcli tftkcN wiitw from Boulder frwk, a tribiihiry of St, Vntiu ci^eek. aiitl carries it out on 
thi) south Bi(l« ill the vicinity of the towu of Erie. The total length of tlic main ditch and «xten«ion is about 18 
miles aud tlie aviiragt) width 10 feet. The i-Jist was approximately 8H>,(HfO. Tlie ditj-h is owneil by fanners, who 
divide the water amnnc tlipmnelvca. The I-ast ('hance ditcli is takiiii from St. Vraiu creek below the uiontli of 
Bouiik-i' crei'k, bi'in^ mi the south side of the stream. The leugth is 6 miles, width about 12 feet, and the cost watt 
apiiroxiinat^ly >!<s,(iO(K .Vs in the ca.tf of uthor ditt-lies. the water is divided among the owners in jiroportiou to the 
amount paid in. 

Union C'oh)ny canal No. .'f takes water fi-om the south sideof tlx'Caehe la Poudre, about ■"> miles above (Ireeley. 
It is ]() miles long, 10 fi^t wide, and eost, iirobably, $30.0I>0. Water is diverted by means of a permanent wiKtden 
dam. The water is measured out of the eaual over weirs 8 inches deep, provided with a slide o[>en to a width 
liro[)ortioual to the amount to be dim^harged to eiicli user. The dib-h aii<l the right to use the water is owned by 
the grantees of the ITnion Colony of ('olorado iiiid is managed by trustees. The water supply is often scanty, and 
care must be taken .to guard against loss of crops. 
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The Larimer a ud_\Veld canal takes water trom the Cache la Tondre, near Fort Collins, running out on the 
north side of tlie river. Tlie total lengtli is 50 miles and the average width 25 feet. The total cost was $150,000. 
Water is diverted by a wing crib dam 177 feet long and 4 feet high above bed of stream. The canal is owned by 
a coriK)ration, selling water rights at $1,200 for 80 acres. The annual assessment is about $10 for each of these 
rights. The Cache la Poudre Irrigating canal, formerly known as UjHon('Olouy canal No. 2, takes water from 
the Cache la Poudre, about 8 miles below Fort Collins, carrying it easterly a distance of nearly 30 milefe. The 
average width is 30 feet, and the cost was about $200,000. It was begun in 1870, being used in the following year. 
The dam in the river is permanent, being made by driving piles in the bed of the stream and covered with plank 
and stone. The above described canals, as previously stated, form but a small part of the irrigating system of the 
county and are perhaps not extraordinary or more worthy of note than others. 

Yuma (^orNTV is east of Washington county, of which it was formerly a part. The north fork of the 
Eepubliciin river rises in this county, and flowing easterly into Dundy county, Nebraska, becomes a stream of 
considerable size. Three small ditches have been taken from the stream, one near the town of Wray and another 
covering the land in the vicinity of Laird. The greater part of the land cultivated, however, depends upon 
rainfall for its water supply. Nearly all kinds of cereals and vegetables are raised, but the yield per acre is often 
small, as the rainfall is uncertain as to time of occurrence. Many of the settlers not being able to make a living 
by agriculture have had to abandon their claims and leave the country. 

Over the greater ])art of the cx)untry water is obtained by means of wells u])ward of 2(K) feet in depth. 
Some of these are reported as discharging water during or after heavy storms. The north fork of the Eepublican 
flows continuously throughout the year, being fed by springs in the sand hills, and the stream is singularly free 
from sudden floods. The ditches follow the narrow valley, the Wray and Chief Creek ditehes being on the south 
side and the Lainl ditch on the north. The total length of these is about 15 miles, the average width 10 feet, and 
the cost when completed will probably be $10,000. The water supply is stated to be ample and the soil of great 
fertility. An annoyance in operating the ditches consists in the fact that great quantities of sand are blown into 
them, especially during the month of March, if the soil is dry. 
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Total population (average per sfpiarc mile 1.00) 84,385 

Number of owners of faruis (7.82 per ceut of population ) 6, 605 

Number of irrigutorn (H5.47 per cent of farm owners, 5.12 ))or cent of ]»opulntiou) 4, 'S2S 

Area of state, land surface (84,290 square niileH) acres. . 53, 945, 60^> 

Area irri^^ated in <>ensus year do. . . 217, 005 

Area of all faruis, 46.56 i»cr cent improved do. . . 1, 302, 256 

Cereals raised in census year, including 16 acres in buckwbeat and 1,092 acres in rye <lo. . . 98, 175 

Barley, average production, 23.64 busbels ]»er acre do. . . 10, 004 

Com, average production, 18. 13 bushels per acre do. . . 1, 362 

Oate, average production, 26.70 bushels per acre do. .. 21, 99T 

Wheat, average production, 18.47 bushels per acre do. .. 63,704 

Alfalfa do... 31,895 

Total value of all farms, including land, fences, and 1>uildings $17, 431, SSO" 

Estimated total value of the farms irrigated in whole or in part $10, 091, 000 

Estimated value of all farm pro<luctions (sold, consumed, or on hand) for 1889 $3, 848, 930 

Estimated value of productions, as above, from farms irrigated in whole or in part $2, 806, 000» 

Average size of irrigated farms acres. . 50 

Average size of irrigated farms of 160 acres and ujiwanl do. . . 270 

Per cent of acreage of irrigated farms of 160 acres and upward to total acreage irrigated 26. 49» 

Average size of irrigate<l farms under 160 acres acres. . 39" 

Average first cost of wat^r right per acre $4. 74 

Average annual cost of wat^*r per a<-re $0. 80 

Average first cost per acre of preparation for cultivation ]((9. 31 

Average value of irrigated land, iuclmling buildings, etc., in .June, 189(K per acre if46. 50 

Average annual value of ))roducts per acre in 1889 $12. 93- 

111 addition to tlie facts given in the above statement, it has been ascertaine<l by comparison with similar 
statistics for other states that Idaho is fourth in tlie nnn»ber of in*i^ators, seventh in area irrigated, and eighth ii> 
average size of farms. In nearly all respects as reganls value of farms and of products it oc<*upies an intermediate 
I)osition, in no one itc»m standing near either extreme of cost or value of land and water, and tlius tlu^ conditions, 
especially those in southern Idaho, may be regarded as fairly typical of the state of irrigation in the arid region 
during the census year. The average annual cost of water was .somewhat low, from the fact that most of the ditcher 
then in actual use were owned by the irrigators and the larger systems charging a certain amount i)er acre each 
year did not then jday an im])ortant part. 

'I'OlHXrUAPIIV. 

The state of hlaho lies on the southwest sidr of the Bitterr<M)t mountain.s, and extends from the crest of this 
range southward a(;ross the Snake river and westward to the same stream, b(*ing bounded by jt until the point is 
reached where it turns nearly west to flow into the Columbia. The peculiar wedge shaped form of the state, broad 
on the southern end and tapiTing almost to a point at the north, is due largely to the peculiar topogi'aphy of the 
region. The Bitterroot trends in a northwesterly direxrtion, while the Snake river, which in a general way governs 
the other boundaries of tin* state, takes a widely different ccmrse. It rises south of the end of the Bitterroot 
mountains in the continental divide near the Yellowstone park, and issuing from these mountains the main stream 
flows scmthwest, then west, northwest, and Anally north, thus <lescribing nmghly a great arc of a circle. The 
greater part of the state of Idaho lies within this area, being bounded on the upper side by the mountains and 
on the lower by this great half circle made by Snake river. 

On the south the state lines do not follow the Snake river, but take in a i)ortion of the country on the south 
side of the river, and in order to coincide with lines of latitude and longitude they have been laid out independent 
of the toi)ography. Thus, it happens that in the southeastern (corner an imi>ortant portion of the Bear river 
drainage is inchided within Idaho, although topographically it belongs to the drainage of the Great Salt lake. As 
an apparent oft'set to this gain on the part of Idaho, the head waters of the most important tributaries of the Snake 
lie beyond the eastern borders of the state of Wyoming. With these exceptions, it maybe said that Idaho liea 
within the drainage basin of the (\)lund)ia and almost wholly on the basin of its great tributary^ the Snake. 
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MAP OF IDAHO SHOWING AREAS IRRIGATED IN 1889. 
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A conception ol the topograpliy of Idaho in its broad features can be had by picturing a great range of 
mountains extending in a northwesterly and southeasterly direction, sending ott* about its center spurs toward 
the west. Imagine then the base of these mountain masses toward the south and west buried beneath great 
de|)osits of lava, which fonn extensive plateaus, or high plains, stretching out in every direction, and descending 
by broad terraces or gradual slopes until broken by isolated groups of mountains. The rivers which flow out from 
the high backbone of the state on rciiching these plains have cut for themselves deep channels, and often disappear 
into narrow gorges or canyons, continuing on their way to the sea at a depth of from 200 to 500 feet or more 
beneath the general level of the plains. These two great topographic divisions of Idaho, the mountains and the 
high plains, aftbrda convenient classification for a consideration of the agricultural resources of the state, since in 
the mountains the rainfall is generally sufficient to mature crops, while around the bases of the mountains and out 
on the plains it is exceptional for anything to be produced without irrigation. The mountain counties, especially 
those at the north end of the state, do not need irrigation, except in rare instances for the gardens and orchards 
in the lower valleys, while the counties south and west of the mountain mass, with less rainfall, require the artificial 
application of water for almost every crop. 

Although irrigation is necessary for the raising of crops outside of the mountain areas, it must not be supposed 
that the land is barren. Much of it in its original state was covered ]>y the rich, though dry, " bunch gniss ", which 
has afforded pasturage for enormous herds of cattle ranging from the plains far up in the mountain valleys. Next 
to mining stock raising has been the gre;it industry, although in the i)ast few years, with the introduction of 
irrigation on a larger scale, the cultivation of the soil has assumed importance. 

The Great Plains, though consisting for the most part of lava and having a surfai*e occasionally broken by 
craters and buttes, contain in the aggregate many hundreds of thousands of acres of land, that by the application 
of water may be rendered wonderfully productive. Besides the high plains, there are places where the largest 
streams have eroded valleys of considerable width, as, for instance, along the Boise and Payette rivers, and it is 
here that the greatest agricultural development has taken place. There are also localities, as, for example, at the 
forks of the Snake river, where the streams have not yet succeeded in cutting through the lava, and where river 
water can be brought out uixni the surface of the plain. West and south of this latter point, however, stretches out 
the vast expanse of ])roken and slightly rolling lands, to water any considerable part of which will require gieat 
irrigation systems. 

AVATEU SUPPLV, 



The water supply of Idaho as a whole is large, and there are a number of rivers whose perennial flow amounts 
to hundreds or even thousands of second-feet, but unfortunately the peculiarities of topogi'aphy above described 
render it impossible to utilize the whole of this water, since the greater part of it sinks rapidly beneath the 
general level of the agricultural lands. This is the case with the waters of the Snake, the Salmon, and the 
Clearwater. The smaller streams, which rise mainly in the foothills and flow out toward the lower lands, have a 
very small summer discharge, from the fact that they drain lower mountiiins, and their waters for the greater ])art 
of the year sink into their i>ervious channels. In order to render these small streams useful in the highest degree 
it will be necessary to hold their waters from March and April until later in the seas<m. 

As an example of the fluctuation of the streams of the state in their discharge month by month, the monthly 
l)ercentaftes of the total annual flow are given in the following table. These percentages wi^re obtained from the 
results of stream measurements made by the United States (leological Survey. 
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To illustrate the difference in character between the upper and lower tributaries of the Snake, the two chissea 
have been separated and the percentages computed for each. As examples of the upper tributaries, the streams 
on the extreme west in Bingham county have been taken, and for comparison with these is given the average 

• distribution of wat^r throughout the year in the Weiser in Idaho and the Owyhee and Malheur, which flow into 
the Snake from Oregon. These latter rivers flowed from lands of lesser altitude, and, as shown by the percentages, 
the greater part of the water came down in March, Ai)ril, and May, over four-fifths of the water of the entire year 
being discharged in these three months. Tlie waters from the higher mountains, as shown by the flrst series of 
percentages, were more evenly distributed through the year. The main discharge was, however, in May and June, 
nearly one-half the entire amount for the year coming in those montlis. The smallest amount discharged in any 
one month was in the eastern rivers, nearly 4 per cent, while in the case of those farther west, at a lower altitude, 
the discharge fell in September to one-half of 1 |)er cent. 

Ft is instructive to compare the distribution of the available flowing water with that of rain. For this purpose it 
is convenient to take the normal monthly rainfall for Boise city as ])ublishe(l by the signal office. Taking a range 

•of 10 years, the average annual rainfall was 15.01 inches, this being distributed by months as shown in the table. 
From December to April, inclusive, two-thirds of the entire amount for the year fell; in May and June about 
one-seventh, and in July, August, and September only one twenty-fifth. While the greatest amount of rain falls 
during. the winter months, the water which is available for agiiculture is found in the smaller streams in early 
spring and in the larger streams a few weeks later. 

The irrigators who depend upon water from the lower mountain slopes have an excess during April and May, 
as shown by the above table of percentages, but in June the supply diminishes rapidly, and toward the end of that 
month the streams become almost, if not quite, dry. The methods of using water must, to a certain extent, conform 
to this state of things^and therefore while the water is plentiful it is' applied to the ground even though the plants 
may not need it at that time. The ground, however, must be thoroughly saturated in order to store up moisture 
for future need^. Those farmers who are so fortunate as to have ditches leading from streams flowing out of 
areas of high mountains depend upon receiving water later in the season, since the discharge of the streams 
during June is nearly as great as that for the month previous, and even during July the streams maintain a 
discharge above that of the average for the year. Moreover, during August and September the waters fall not 
very far below the mean annual discharge, and thus with a less wide range of fluctuation these rivers and creeks 
are far more valuable to agriculture. 

Water storage is of the utmost importance, esi)ecially on the small streams, showing a great range in 
discharge from month to month. Certjiin irrigators have already begun the construction of small reservoirs at 
various points and have attempted in their own way to hold over some of the flood waters of March and April 
into the dry time in the latter part of June and July. They state that there are many valleys which, in their 
opinion, are suitable for holding water, and there is every probability that many works of this character will be 
l)uilt. The problem, however, of greater general interest at present is that of utilizing the large rivers by 

'bringing them out upon the high plains through which they flow. 

DITCH CONSTRUCTION. 

From the fact that considerable capital will be required to divert the waters of the principal rivers of the state 
from their deep channels, the attempts of the irrigators in the past have been confined almost exclusively to those 
localities where streams of moderate size flow from the foothills into small open valleys or ui)on the edge of the 
larger plains. Here, at favorable points, small ditches have been dug running for a few miles along the river and 
as far away from it as the contour of the ground will allow. The early settlers genei^ally constructed very small 
ditches, and as the population in any one locality incTcased other ditches w^ere made, either higher or lower on the 
stream, each of these leading to the lands of a few irrigators. As a general rule the ditch last constructed is the 
largest and best, although, on a(tcount of the existence of other older ditches, it may not be well located or have 
rights to any but surplus water. 

Taking the state as a whole, there was in 1889 an independent ditch leading from a river for every 385 acres 
of crop irrigated, deducting in this, however, a few of the larger canals. It has been shown that in Montana the 
corresponding area i)er ditch was 225 acres. 

DUTY AND USE OF WATER. 

The duty of water has been estimated in many cases by ditch owners, and the statements range from 5i) to 
:250 miner's inches for 100 acres, the average being 120 miner's inches. Assuming that 50 of these miner's inches 
make a second-foot, this would be equivalent to an average water duty of 42 acres per second-foot. The accurairy 
of these statements is open to question, from the fact that water measurements are rarely made with any care, if 
made at all, in obtaining these figures. The miner's inch is exceedingly variable, and it is rare that any two 
irrigators agree in their opinions as to t\w methods of measuring it. Thus, since even the unit of measurement is 
undetermined it is doubtful whether the results expressed in this unit are of value. 
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The methods of using the water upon the land are as varied as the experience of the persons using it. As a 
general rule the farmers confess that they have much to learn in this direction, that the majority of the land is 
not well irrigated, and that the crops are not as large as they should be. In irrigated counties it is possible to 
pick out many areas on which wonderful crops are raised largely through the exercise of unusual skill and 
intelligence on the part of the irrigators, and were these instances taken alone the conclusion could be drawn 
that the farmer employing irrigation was the most successful and prosperous individual of his kind. Unfortunately 
the rank and file of farmers who have been forced to ado])t irrigation have done so almost under protest, and do 
not in the majority of cases exhibit great skill. Cireat disparity is to be seen between crops on adjacent farms 
\yhere all the physical conditions areisimilar. 

The most widespread method of irrigating is to turn the water out upon the field and let it find its own way. 
This is the lowest stage of development, and from this as one extreme every method can be found in use in Idaho 
up to the case of the farmer who levels his ground, plowing down the high places, filling depressions, and 
systematically laying off furrows so that every portion of the field receives only its due share of water. This 
difference in the preparation of the ground, as well as in the character of the soil and subsoil and the kind of crop, 
gives rise to the widest range in the duty of water, so that any generalization must be taken as such and not 
api)lied to particular cases oV localities. 

The irrigating season begins in April and continnes until September, although some farmers at lower altitudes 
begin to use the water as early as March, and others, higher in the« mountains, as late as June. For the greater 
number of the irrigators scarcity of water i)uts an end to irrigation, while those who hold prior rights and can 
obtain the water use it until frosts set in. The princi})al irrigated crop is for forage, and of the forage plants the 
most valuable is lucern, or alfalfa. In general, two crops of this product are cut, and in some cases three or even 
more, but often on account of the scarcity of water only one crop is successful. 

The laws regarding the control of the water and the rights of the different irrigators depending up<m any one 
stream are not satisfactory to the farmers, for- they do not appear to guard the rights of individuals. There is a 
general complaint that no one can enjoy the undisturbed ownership of water sutficient-to render his farm productive 
until his rights have been tested by lawsuits, often of the most expensive and protracted nature. Even then there 
may be questions of doubt to disturb the value of his lands. Points in the present statutes are stated to react 
injuriously upon agricultural interests. The situation in many localities is complicated by the rapid growth of new 
and improved systems of irrigation, the rights of such systems to water being, however, secondary to those of the 
older, poorly built ditches. Some of these systems are being built by corporations that are investing considerable 
capital in bringing large areas under ditch and increasing the extent of the agricultural lands. 

The feeling of the farmers toward the corporations owning canals and renting the water, or rather charging so 
much per annum for biinging it to the land, is not always friendly. The water rates are burdensome to the farmers 
although not necessarily profitable t-o the canal owners. The farmers complain that in the first instance inducements 
are held out to them of benefits that are never fully realized. They are persuaded to pay from $8 to $10 per acre 
for a water right which entitles them to a certain amount of water upon the annual payment of from $1 to $3 an 
acre for what may be considered the expense of transporting the water to the land. In (certain instances the farmers 
have signed agreements which virtually amount to mortgages upon their land, and u])on failure to comply with the 
conditions the canal company has acquired possession, the farmer perhaps becoming a tenant of the company. 

SPRINGS AND WELLS. 

The supply of water from springs and wells has considerable local importance. Along the Snake river, esi)ecially 
in Logan c(mnty, are some wonderful springs, which gush from the canyon walls and fall into the gorge. This water 
is probably the drainage of the mountains to the north which has disappeareil into the lava plain and traversed 
the pervious rock layers. Some of the w%at<n- can be usexl for irrigation either by conducting it by fiuines and 
eanals to lower lying lan<ls or by utilizing the water power to force a portion of the water to higher levels. 

Attenqits have been nnule to find artesian water, but with little success. The railroad known as the Oregon 
Short Line has drilled several deep wells at stations on the lava plain north of the Snake river, and has struck 
water at varicms de])ths and in large quantities, none of which, however, rises to the surface. The wells range 
from 150 to 425 feet in depth, and water is brought to the surftu'C by suitable pumping machinery. From the fact 
that water escapes so freely in the large si)rings along the Snake, it is doubtfiil whether flowing wells can be 
obtained on this plain. In the southeastern corner of Idaho are a number of comi)aratively shallow flowing wells, 
])rincii>ally in the vicinity of Oxford, in I^ingham county, and of Malad, in Oneida county. Each of these consists 
simply of a 1.5 or 2 inch pipe driven into the ground to a depth of from 50 to 150 feet, the water flowing up through 
the pipe to a distance of a foot or more above the surface. These wells are a very gi'eat convenience for hcmse 
an<l barn use, but being upon low ground, below irrigating ditches, they are of comparatively little im])ortance in 
agriculture. 

In the vicinity of Boise, in Ada county, are a number of artesian wells, some of them discharging hot water. 
Two of these, put <lown by the Boise water works to the depth of alwut 400 feet, are reported to deliver water at 
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a temperature of from 1G5 to 170 degrees fahreuheit. These wells flow at the rate of about 1.5 secoud-feet. or 
1,000,000 gallous a day. Other wells north of the town discharge cold water suitable for driuking. At Boise 
barracks a well 120 feet deep yields about 800 gallous j>cr day. Near Moscow, in Latah county, are wells 7 inches 
in diameter, discharging sufficient water to supply the town. None of this water is used for irrigation, as it is not 
necessary in that locality. 



CONDITION OF IRRIGATION IN EACH COUNTY. 



NUAfBKR OF IRRIGATORS, AREA IRRIGATED, FARMS, AND CHOPS IN EACH COUNTY IN IDAHO IN 1889. 
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Ada county is in southwestern Idaho, on the north and east of the Snake river, covering the comparatively 
U*vel ground between that river and the mountains. It is crossed by two hirge streams, the Payette on the north, 
and the Boise at about the center. Each of these streams carries a large and perennial supply of water, and 
coming fi'om a mountainous region in Boise and Elmore counties, they are not liable to notable diversion before 
reacliing Ada county. The opportunities for irrigation development in this county are exceptionally good on 
account of the character of these rivers and the existence of great areas of fertile hind to which the water can be 
brought. Already a number of canals of large size have been built, besides numerous small ditches, and some of 
the gi'eatest irrigation projects in the country have been begun. 

On the lower lands, along the Payette and Boise, iTops can sometimes be raised by the moisture which seeps 
through the ground at the time of flood. The farmers have tjiken out small ditches from the rivers and perennial 
<'reeks, and in this way have brought considerable areas under irrigation at small (!Ost. Following the construction 
of the individual ditches have come the associations of farmers, who by united effort have built canals from the 
Payette and Boise rivers, the ownership being largely in the hands of those using the water. In the northern part 
of the county a large proportion of the arable laiul can be covered by water from the Payette or the Boise river, 
but at the southern end the elevation is too great to allow of water being brought from any large sources of supply. 
The Snake river, which btmnds this land on the southwest, flows in a gorge or canyon at such a depth that there 
is no probability that water can be brcmght out even by canals heading farther up the river. 

Most of the irrigation from the Payette is on the south side of the river, but on the north side is a canal, known 
as the Lower Payette ditch, taking water from the river about 7 miles above the town of J^ayette and carrying it 
for a distance of nearly 22 miles into the Snake Eiver valley, and extending into Washington county. The average 
width is said to be 20 feet, the average depth 4 feet, and total cost $32,000. On the south side of the river are a 
number of large dit<'hes, among which may be mentioned the Last Chance, 7 miles long, 8 feet wide on bottom, 1.5 
feet deep, the cost of which was *10,000. The head of the ditch is about 30 miles above the mouth of the Payette 
river. The Rossi ditch also takes water from the south side of the Payette river, heading 4 miles below Emmett. 
Its tota.1 length is 10 miles, its average width 9 feet, and its total cost about 910,000. The ditch is owned by an 
uiiincor|>orated company. Each ranchman under the ditch takes as much water as he chooses when there is ])lenty 
an<l at other times the watermaster regulates the supply. 

The largest project. along this valley is that of the Payette Valley Irrigation and Water Power Company, 
diverting water from the south side of the river at a point nearly 2 miles above the town of Emmett. The canal 



IDAHO. 141 

at the head has an estimated capacity of 550 second-feet, diniinishiug to 104 second-feet in the hist section. It is 
the intention of the company to use this canal at cert^iin times of the year in order to float logs down the valley, 
avoiding the risks incident to their transportation by the river. Along the line of the canal are several flumes, 
one of which is nearly '{,(>(K) feet in length. Several gulches on the line of the canal have been closed by daius, 
forming small reservoirs, one of which at least will be utilized for the storage of logs. At a distance of about 7 miles 
from the head tlie canal divides, one branch continuing west to cover lands on the Snake river bottom, the other 
branch, known as the Flotation lateral, extending northerly to the Payette river. Along the canal line are a 
number of drops at which a considerable power could be developed. The accomi>anying illustration shows the 
general character of Payette river and also the temporary brush and stone dam of the usual character for diverting 
the river water into the head of the canal. 

On the north side of the Boise river, among the canals worthy of mention is the jjo ise C ity canal, 5 miles long, 
8 feet wide, and costing about $12,000. The ownership is divided into 12 shares. There is also the Dry Cre^k 
ditch, 6.5 miles long an<l 9 feet wide, the cost of which was $4,000. It was built and owned by the farmeis, each 
share entitling^ the owner to a certain proportion of the water. The largest canal on this side of the river is that 
of the Idaho Irrigation and ( 'Olonization Company, heading about 30 miles below Boise city and 1 mile above 
Caldwell. Its general course is northwesterly in the direction of the Snake river. Its total length is 24 mile^ its 
average width 10 tc.et, and its cost about *;35,0O0. Besides these are many other ditches, large and sinall^taking 
water in the same general direction. 

On the south side of Boise river is the Ridenbaugh dit<'h, owned by the Boise City and Nampa Caiuil Company, 
the Settlers canal, and the unfinished works belonging to the Idaho Mining and Irrigation Ctmipany, besides 
smaller ditches farther down stream. The Ridenbaugh ditch has been enlarged and extended in order to cover lands 
on the mesa from Boise to Xampa. The ditch is stated to be 22 feet wide at l>ottom and 32 feet wide at top. It 
is the intention of the company to turther enlarge and extend this caiml to cover upward of 200,000 acres of 
land. The high line canal of the Idaho Mining and Irrigation Company has been planned with the purpose of 
diverting water at a point in the canyon about 12 miles al>ove Boise. A large part of the earthwork has been 
completed, but owing to financial difficulties the headworks have not been built. The Phillis canal , owned by the 
same comi)any, although nearly completed, has not been utilized. Tins has an estimated capacity of 175 second- 
feet, the bottom width being 20 feet and tlie length api)roximatiug 50 miles^ 

The jjixiei anal of the Boise Land ainl Water Company utilizes as a portion of its main (tliannel a dei)ression 
known as Dixie slough. The waters of Boise river are diverted into this at a point about 1.5 miles below 
Caldwell by means of a cut 500 feet long and 8 feet deep. The water follows along the old slough for about G miles, ' 
and is then^ turned into the canal proper by a suitable dam. From this point the nmin ditch foHows the general 
contour of the land for a distance of 9 miles. It was originally built by farmers, at a cost of $20,000. The 
company now owning this work intends to improve and extend the line so as to <*over the lands in the triaiigular 
area between the Snake and Boise rivers, it being proposed to charge* at the rate of ^10 i)er airre for a perpetual 
water right and 50 cents per a<Te a year for maintenance. 

The discharge of the Boise river has been measured by Mr. A. 1). Foote, and has been found to range from 
about 1,200 second-feet in low water up to 10,(K)0 second-feet at the time of the spring fioods, the greatest known 
discharge being about 30,000 second-feet. In order to supply water for all the canals now in operation or 
l>rqjected it will probably be necessary to supplement the low w^at^r discharge by storage on the head waters in 
Boise and Elmore counties, excellent sites for reservoirs having been discovered. The discharge of the Payc^tte 
is not known, but is probably not very different from that of the Boise, averaging, it is stated, about 3,000 seciond- 
feet. 

Alturas county is a little south of the center of the state, extending east and west in a long, narrow belt 
north of the Snake River plains. On the west it includes the hea4l waters of the tributaries of the Wood river, all 
of which flow southward into Logan county. It also includes on the extreme west a portion of the Sawtooth range, 
from which streams flow northeast into the Salmon river, and westward into the Boise. The area of agricultural 
land in this part of the county is compaiatively limited, and the water supply is ample, although farther to the 
S(mth, in Logan county, are vast areas for which the amount flowing from Alturas (umnty is insignificant. 

On the east, the county extends to the lava plain of the Snake river, luto which sink the rivers which flow from 
the ranges to the northwest. This fact has given rise to the names of the streams, namely, *' Big Lost river" and 
''Little Lost river '\ Big Lost river rivses in Custer county on the west side of the Lost River range and flows 
southeasterly into Alturas county, where its waters are use<l upon ranches along the stream. In time of flood the 
water flows far out u])on the lava plain toward the Snake river. In 1880 it ran to a point 3 miles below Arco, but 
in the middle of June of the same year it was dry up to the mouth of Antelope creek, 20 miles above Arco. Not 
only are the channels of the streams verj' porous, allowmg great (piautities of water to escape into the lava flelds, 
but the soil also is m many phu'es very i»ervious. and a large amount of water is needed for irrigation, especially 
during the first few years. 
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The water of the tributariea of the Big Lost river is usecl to a large exteut in Thousand Spring valley and 
other valleys in Ouster iu>unty, so that the amount which escapes into Alturas county is gradually diminishing. It 
has been proposed to make an eftbrt to remedy this state of things by constructing reservoirs at points in Custer 
county, but no active steps have been taken in the matter. Stock raising and mining are the principal industries, 
the cultivation of the soil being carried on largely in connection with the former. The dit(!hes of the county are 
owned by individuals or associations of irrigators, and have been built for the most part in the cheapest possible 
manner. The noria, or undershot water wheel, carrying buckets upon the rim for raising water, has been introduced, 
and is used upon the swifter streams. 

Bear Lake c^ounty is in the southeastern corner of Idaho, adjoining Kich county, Utah, on the south, and 
Uinta county, Wyoming, on the east. It includes that portion of the drainage area of Bear lake which lies in 
Idaho, being bounded on the west by the summits of the Bear River range, and on the northeast by the Aspen 
range, which forms the divide between the Blackfoot and Bear rivers. The southern boundary of Idaho, extending 
east and west, crosses Bear lake near its center, leaving the northern half in Bear Lake county and the southern 
half in Rich county, Utah. North of the lake is an almost level plain, about 10 miles long and 8 miles wide. A 
portion of it is swampy, and on the maps of tlie General Land Office it is represented as an open body of water 
calieil the North lake, but on the Hayden map, published in 1877, it is shown as it actually is, namely, a marsh 
with a small body of open water to the south. In 1889 this marsh was perfectly dry, excepting the small area of 
water in the southeast corner near the liead of Bear lak(». Roads cross this level land in all directions, and it is 
occupied by farmers who have built houses, barns, and fences, and are raising large crops of hay. No title, 
however, could be secured from the government on account of the othcial designation of the land as a lake. 

The upper Bear river, rising in Summit county, Utah, first flows into Wyoming, then westward into Rich 
county, Utah, then back into Wyoming, and finally, turning westward again around the northern end of the 
boundary hills and the Bear Lake plateau, it enters the eastern side of the plain north of Bear lake, where its 
waters <livide inco many channels. At the northern end of this plain the lower Bear river takes its origin, winding 
.northerly between hills to the vi(*inity of Soda Springs, in Bingham county, where it is defle<'ted and turned 
southward toward Cache valley. 

The water from the upper Bear river in times of rto<Kl partially submerges the plain and backs up into Bear 
lake, and in times of drought the waters of Bear lake, escaping through marshy channels, traverse the level 
country and finally make their way into the lower Bear river. Thus the lake and low lands to the north act 
somewhat as a safety valve to the floods of the upper river, receiving them and slowly delivering them, at least 
in part, to the lower section of the drainage system. To represent the condition of affairs clearly, it will be well 
to picture a long, narrow lake basin, 35 miles or more in extent from north to south, and about 8 miles in average 
width. Into this a river hjis flowed for long periods of time, entering near the northern end and gradually building 
a delta and filling the upper half of the basin with debris brought down in floods. In this way a level plain of 
great fertility has been formed at the northern end of the old lake basin, and at the same time the open water at 
the south end of the basin has, under the influence of prevailing winds, built for itself a barrier 4 miles or more 
in length and lying nearly east and west. The barrier consists of a ridge of sand from 100 to 200 feet in width, 
and from 4 to 6 feet above the ordinary level of the water. Toward the lake the barrier presents a smooth and 
beautiful beach, and on the north it gradually subsides into the marsh. 

The iiiturc development of agriculture along the lower Bear river depends largely upon the control of this 
magnificent reservoir site, and at the same time the prosperity of a large part of Bear Lake county is at st^ake. 
The problem before the people of the Bear River drainage, whether in Wyoming or in Utah, is so to utilize Bear lake 
as a reservoir that a supply of wat<»r shall be insured ample for all demands along the lower Bear, and also that 
all of the agricultural land of Bear Lake county shall be utilized. Without entering upon the engineering details 
it is sufficient to state that the best use of the waters can probably be secured by the construction of an outlet 
canal to lower the level of Bear lake in times of need, suitable hea<lworks being provided, so that the water can be 
held up to its present area. By (liv(^rtiug the upper Bear river directly into Bear lake and by drawing the waters 
down to the lowest jwssible level, a vast amount of water can be se<'ured for use n^n the lands in the lower valleys. 
The satisfactory execution of works wull, however, rec^uire large capital, skillful engineering, as well as hearty 
co-operation between the [leople of Idaho and those of Utah. 

The agricultural areas of Bear Lake county are principally along the eastern foot of the Bear River range, 
stretching in a comparatively narrow strip between the mountains and the lake, or extending from the hills out 
upon the plain to the north of the lake. A number of stretims flow from this range with rapid fall, so that water 
hits been taken out uiK)n the land with comparative ease. A town has grown up at each point where a large stream 
issues from the m<mntains, the population being almost wholly supported by agriculture or stock raising. The 
creek near Paris <lischarges in summer ab<mt 40 second feet, running a flour mill and sawmill. St. Charles creek 
on October 3, 1880, was flowing at the rate of from 90 to HM) second feet, and also furnisluMl power f<n' a flour mill 
besides irrigating a (!ousiderable area. 
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The east side of Bear Lake valley is in most respects similar to the west side, althoufifh the mountains being, as 
a general rule, of less height, the water supply is smaller ami the number of agricultural settlements less. East 
of this valley, on the other side of the Preuss range, is the valley of Thomas Fork, the greater part of which is in 
this county, the state line between Idaho and Wyoming running north and 8<mth along the valley. There is a 
large are^i of fertile land along Thomas Fork, but the water supply is deficient, and an attempt has been made to- 
bring water from Smith Fork, farther to the east. 

The altitude of the agricultural lands of Bear Lake county is very nearly 6,000 feet. The climate is cool, and 
frosts are liable to occur even during the summer, so that some of the farmers state that oats and timothy are the 
only sure crops. The i)rincipal crops are for forage, although large areas of the smaller grains are cultivated, and 
also S(mie potatoes and vegetables. Stock raising is the leading industry, on acc(mnt of the excellent summer feed 
upon the mountains and the facilities for raising hay for feed during the winter. Most of the inhabitants came 
originally from Utah, so that the methods of irrigation are similar to those employed in that territory. The water 
from each mountain stream is taken by ditches which head in or near the canyons and conduct it along the slopes 
of the hills on each side of the stream. Generally, two, but sometimes three or even more ditches run in a course 
nearly parallel to each other, carrying the water in the same direction, but with less economy than could be 
attained by the use of one large high line canal. T\w advantages, however, of a number of small ditches are that 
each small association of farmers controls the water for a particular distritjt and the management is greatly simplilied, 
although, on the other hand, (piarrels are apt to arise in time of low water as to the proi>ortional amount to be 
taken from the stream. 

At this high altitude water must be used with care, for if put upon tire plants too early in the spring it chills 
them and retards their growth. It is stilted that an error is often made in attributing the slow growth of the 
young plants in the cool spring to lack of water rather than to lack of waimth, and thus irrigation is begun too 
early with injurious results. The amount of water used is very great, especially on the gravelly slopes, where the 
ground is porous. It is asserted that 100 miner's inches for 40 jieres are sometimes necessary to satisfy the demands 
of the irrigator. 

As an example of the ditch systems of this county, that for Bloomington, on the west side of the valley, may 
be given. Four ditches take the water from Bloomington <?anyon creek, the length being about 4 miles, their 
average width 5 feet, their depth 2 feet, and their total cost about $8,000. The water is diverted by dams of brush 
and stone or of logs. The water is divided among the shareholders, each share entitling the holder to what is 
known as an "irrigating stream" for 4^ hours, during which time he is supposed to be able to irrigate 5 acres. 
The water is measured, as in many cases in Utah, by the size of the cross section of the stream when not under 
pressure, no jiccount, therefore, being taken of the velocity. For example, the water flowing 10 inches deep 
tlu*ough a gate or flume 50 inches wide is considered to have a volume of 500 inches, and should give 10 ''irrigating 
streams". It is customary to allow the use of one of these " streams" for 90 hours for every 10 acres. The streams 
are allotted in the order of application until the whole amount of water has been assigned, and the various 
applicants are then notified as to who is using the water and when ejich irrigator may expect to take his turn.. 
The water right is stated to be worth $5 per acre, and the annual assessment for cleaning the ditch and paying 
the watermaster is from 30 to 40 cents |>er acre. Of this amount 15 cents must be in cash for the pay of the 
watermaster, and the balance can be worked out at the rate of $1.60 per day. In the case of another ditch the 
"irrigating stream" is measured through a box 1 foot square under a 4-inch pressure, this amount of water being 
allotted at the rate of 35 hours for every 10 acres. 

In general it may be said that the water is under the control of the irrigators, wlio have built the ditches and 
have adopted methods of distribution which, although crude, are efficient so long as water is plentiful. It is the 
practice for each association controlling a ditch to elect annually a watermaster, who receives $1.50 a day and 
upward for his services, and who api)ortions the water and settles disputes among neighboring irrigators 
according to his own Judgment. The total cost of maintaining the ditch system is thus very low, as there are no 
salaries or expenditures beyond those for a few simple repairs. 

Bingham county is in southeastern Idaho, adjoining Wyoming and the Yellowstone national park on the 
east, and separated from Montana by the contin(»ntal divide on the north. It receives the drainage of the high 
mountain ranges of western Wyoming, and has x)robably as good a water supply as any county in the arid region, 
and it is favored not only in this respect but also in containing vast areas of almost level land, the surface of 
which, though broken in places, is well adapttnl for agriculture. The county contained in 1890 the largest number 
of irrigated farms. 

The agricultural resources of the county are due to its peculiar history. In comparatively recent geologic 
time, as previcmsly intimated, a vast iiuantity of lava flowed from numerous craters or openings, filled ancient 
valleys, and exten<led from the foot of the continental divide and of the Teton and ^'aribou ranges south and west 
for 100 miles or more. The surface of this lava sheet is as a whole gently inclined toward the southwest, and 
though appearing at a distance smooth and unbroken is oft^u uneven. The upper layer has been partially 
decomposed, forming in plaees a rich soil, which, however, is very porous. The torreiitial streams flowing from 
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the bigfh iiiountaiiis out iijk)!! this plain become comparatively sluggish, subdividing in plac^es, but finally uniting 
and forming the Snake river in the vicinity of Market Lake, Near the intersection of the princi])al streams large 
areas of fertile land have been fonned by the deposition of material brought down by the torrents, the relative 
elevation of the land and the wat(»r being su<*h that irrigating ditches can be easily and cheaply constructed. 

In the northwestern part of the county, north of the tilled lands at the junction of the north and south forks 
of the Snake, the extensive lava i)lains have little or no water, for the streams that How southward from the 
continental dividi* jire comparatively small and often are lost in the poions lava fields. There are accordingly 
many townships containing arable land for whicli there appears to be no possible way of obtaining water. At the 
southern end of this county the lava has penetrated the ancient valleys and extends to the Bear river, which enters 
the county from Bear Lake county on the southeast. Apparently this latter river has been diverted by the lava 
flow, and soon after entering the county has been forced to turn ba<!k toward the south, ultimately contributing its 
waters to Great Salt lake. The principal body of tilled land, as before intimated, is along the lower courses of the 
rivers which issue from the Teton and Snake River ranges and unites in the vicinity of Market Lake, the farms 
extending from this point down to Blackfoot. Besnles this great area, there are smaller areas of croi)s r.aised along 
the Bear river from Soda Springs to the Oneida county line, principally in Gentile valley and also along the Portneuf 
river, in the upper Portneuf valley on the head waters of Marsh creek, as well as on small areas on the Fort Hall 
Indian reservation. 

(ientile valley is about I.") miles long and from 1 mile to3 miles in width. There are few towns, the farms being 
scattered along the sides of the valley, utilizing the water from the streams which issue from the mountains on the 
east and west. Bear river, which flows southward through the valley, although a large stream, is not used to a 
notable extent on account of the dilliculty of diverting water. The best irrigating streams are those coming from 
the Bear River range on the east, the wat«n' supply of the west side of the valley being insufficient for the area now 
under cultivation. The most important streams are Trout, Spring, and Bridge cieeks, coming from Bear River range 
on the east. Cottonwood creek, which drains a larger area of lower country, is of less value, not having sufficient 
water for all of the land to which it can be taken. 

In the extreme southern part of the county in the vicinity of Oxford and Swan lake are prosperous settlements, 
the water supply being derived froii] streams which flow from the Portneuf or from the Malade range. Some of 
these streams flow northward into the Portneuf river, a tributary of the Snake, and thus ultimately to the Pacific, 
while others find their way to Bear liver, the principal feeder of Great Salt lake. The long, narrow valley in this 
vicinity once formed the outlet of the great interior basin to which the term Lake Bonneville has been given, and 
many of the ])eculiar features upon which its agricultural devehipment depends are explained by this knowledge 
of its past history. At several points in this valley near Oxford small flowing wells are found. The present supply 
from the small streams is not sufficient for all demands, and schemes for storage are being agitated, several small 
reservoirs built by individuals having established the success of suc^h methods. 

North of this point, in the vicinity of Chesterfield, in the Upper Portneuf valley, is an agricultural community 
of from 50 to GO families. Their cultivated land lies just east of the Fort Hall Indian reservation, out of which 
the head waters of the I'pper Portneuf flow in a general southeasterly direction. The location of the Indian 
I'eservation a<*ross the head waters of the Portneuf has led to a somewhat unfortunate condition of afl^airs for the 
farmers in this valley. Nearly (5 years ago they constructed a ditch, 4 miles of the upi)er part of which were on 
the ln<liau reservation, and spent upward of $3,500. Objections, however, were raised to the location of the 
<litch on the reservation, and as a c<nise<inence it has lain idle. The water supply is now taken from creeks heading 
to the east of the reservation, the amount available, however, being far below the requirements of the people, so 
that it is stated that onl}' about 10 or 15 jicres, on an average, can be cultivated by each family. An attempt is 
being made to increase the water suiiply by storage. Farther down the Portneuf, in the vicinity of Pocatello, are 
lands of greac fertility, but for which the water supply of the Portneuf is insufficient. A large portion, however, 
will be covered in time by large canals taken (uit farther up on the Snake river near Idaho Falls and brought 
along the eastern side of the plain. 

The Blackfoot river heads in the range of the same name immediately north of the Portneuf and flows 
westward upon tlu* lava plain to join the Snake river. Its waters in time of drought are entii'ely used, and in 
18S0 there was not enougii for the needs of the town of Blackfoot. The Eastern Idaho Water ('ompany has a 
canal heading about \2 miles northeast of this town and continuing to Blackfoot, the average width being reported 
to be 20 f«»et, and the total cost nearly ^8,000. The Indian reservation is bounded on the north by the Blackfoot 
river, and some trouble is reported between the irrigators and the Indians, who are said to have destroyed the 
en<ls of the dams which reached their lands on the south bank of the river. 

At the head of each of the streams flowing out of the short mountain ranges of this county to the Snake 
river are lakes or marshes, in which it is probable that considerable water could be held by storage, but the 
proximity of the Snake river and the magnificent facilities for water conservation which exist on its headwaters 
cause them to sink into insignificance. Taking all things into consideration, the Snake is the largest river in the 
arid lands, exceeding even the Yellowstone and the Missouri, and containing along its valley perhaiw the greatest 
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body of irrigable land in the west. The extraordinary facilities it affords have already been used in a small way, 
but the greater projects remain untouched. From Henry fork of the Snake, from Falls and Teton rivers, Moody 
creek, and the south fork of the Snake, a large number of ditches and canals carry water out upon the lava formed 
plain, intermingling in a most confusing manner. The soil of the deltas or islands at the junction of these streams 
is very rich, and agriculture has made rapid progress, all of the conditions being favorable to rapid development 
by men of small means. The altitude of the valley in the vicinity of Eagle Rock, or Idaho Falls, as it is now 
called, is from 4,800 to 5,000 feet. 

In 1889 there was no irrigation carried on in the mountain valleys of these streams above the Snake River 
plains, the settlers on the plains below com'ing up to cut the natural hay for use during the winter. Above the 
mouth of Falls river the country was unsettled, and on Falls river the first steps were being taken toward irrigation 
by the construction of two ditches, no land haviujr been brought under cultivation. Since that time, however, 
rapid growth has taken place, and settlement has pushed forward actively. In the Teton River valley it may be 
said that all of the water of the Teton river has been appropriated, and there is land not yet supplied. Water is 
being brought from Falls river around the foothills into the Teton valley, the divide being comparatively low. 

The water supply of this part of Idaho has been investigated by the United States Geological Survey, and 
measurements have been made of the discharge of the streams at various points, for example, of Henry fork of the 
Snake river about a mile above Falls river, also of Falls river above the canals and 6 miles from the junction with 
Henry fork, of the Teton river above the Willford canal near the mouth of the canyon, of the south fork of the 
Snake above the Eagle Rock and Willow Creek canal, and of the Snake river at Idaho Falls, ia) 



a As shown by the following tables, the maximnm discharge of Henry fork was up toJune, 1801, 7,710 second-feet, the minimum being 1,120 second- feet, and 
the average annual discharge 1,589 second-feet, equivalent to 1,150,071 acre-feet for the entire year. The drainago area is approximately 931 square miles, so that 
this water if put back upon the catchment area would cover it to the depth of 23.2 inches. These observations extending over a period of 18 mouths, it would be 
unfair to take the direct mean of that period, since the flood season occurs twic«», and this would tend to raise the mean, hence this statement is arbitrary, showing 
the approximate annual discharge. 

Falls river discharged a maximum of 4.440 second-feet^ a minimnm ol 450, an estimated average of 1,041, an amount equivalent to 753,684 acre-feet for the 
year. This is equivalent to a depth of 23.7 inches over the catchment area. The Teton discharged a volume of water ranging from 4.445 second feet in flood down 
to 400 second-feet in time of low water, and averaging 862 seoond-foet. or for the entire year 624,450 acre-feet, equivalent to a runofi' of 12.1 inches for the entire basin 

The total discharge of the Snake river, as measured at Idaho Falls, during 1890 ranged from 50,450 second-feet in time of flood down t« 2,000 in low water, the 
average being estimated at 9,486 second-feet, or 6,867,140 acre-feet, equivalent to a run*off of 12.7 inches from the entire drainage basin. 



DISCHARGE OF HENRY FORK IN CANYON, IDAHO. 
(Drainage area, 931 square miles.) 



MONTHS. 



1890. 

January 

February — 

March 

April 6 to 30. 

May 

June 

July 

August 

September... 

October 

November . . . 
December — 



Per annum 



1891. 
January . . . 
February . 

March 

April 

May 

June 



DI»CHAHOE IN SECOND-PEBT. 



Maxi- 
mum. 



Mini- 
mum. 



4,920 
7,710 
2,890 
1.860 
1,450 
1,450 
1,280 
1,280 
1,280 



7,710 

1,280 
1.280 
1,280 
2.600 
3,180 
2,215 



Mean. 



Total for 
month in 
acre- feet. 



1.120 
2,750 
1,860 
1.450 
1.450 
1.2W) 
1,280 
1,280 
1,280 

1,120 

1,280 
1,280 
1,280 
1,280 
1.640 
1,450 ' 



1,200 
1.250 
1,300 
1,875 I 
4.580 
2,270 
1,550 
1.450 'I 
1,314 I 
1,280 i 
1.280 I 
1.280 1 



1.719 



1.280 
1,280 
1.280 
1.516 
2.184 
1,801 



73,800 

69,375 

79,950 

111.562 

281,670 

135,065 

95,325 

89.175 

78,183 

78. 720 

76,160 

78.720 

1,247,705 



78,720 
71,040 
78.720 
90.505 
134, 316 
107, 160 



Rl'X-OFK. 



Depth in 
inches. 



Second- 

feet \ier 

square 

mile. 



1.49 
1.40 
1.61 
2.25 
5.67 
2.72 
1.92 
1.80 I 
1.57 I 
1.59 ! 
1.55 I 
1.59 I 

25. 16 ' 



1.59 
1.43 
1.50 
1.83 
2.71 
2.16 



1.29 
1.35 
1.40 
2.01 
4.92 
2.44 
1.66 
L.'ie 
1.41 
1.38 
1.37 
1.38 

1.85 

1.38 
1.38 
1.38 
1.63 
2.33 
1.94 



DISCHARGE OF FALLS RFV^ER IN CANYON. IDAHO. 
(Drainage area, 594 square miles.) 



MONTHS. 



1890. 
April 25 to 30.. 

May 

June 

July 

August 

September 

October 

Noveml»er 

December 



1891. 

January 

February 

March 

April , 

Mav 

June 

July 

August , 

Septemlier 

October 

November 

December 1 to 12 

Per annum . . 



DISCHAKOE IN 8ECOND-FEET. 



Maxi- 
mum. 



2.480 

4,440 

4.050 

2.630 

1,140 

930 

750 

570 

520 

590 



1.140 

2.790 

2.180 

1.760 

670 

520 

520 

520 

520 

2,790 



Mini 
mum. 



1,250 

2,630 

2.030 

1.030 

840 

660 

570 

480 

520 

450 



450 
1.030 
1,370 
670 
520 
520 
520 
520 
520 



450 



Mean. 



Total for 
month in 
acre- feet. 



1,730 

3.342 

2,706 

1.(309 

971 

774 

660 

541 

5-JO 

500 

450 

450 

606 

1.765 

1.681 

1,131 

607 

520 

620 

520 

520 

773 



102 935 

205.533 

161.007 

102, 643 

59, 717 

46 053 

40. 590 

32,189 

31 980 

31.304 
24, 975 
27 675 
36, 0.")7 
108.. 547 
100 019 
69, 556 
37.330 
30/940 
31.980 
30.040 
31,980 

561. 303 



RCNOPF. 



Depth in 
inches. 



Second- 
feet per 
square 
mile. 



3.25 
6.49 ' 
5.08 ! 

3.20 I 

I 

1.82 

I 

1.45 
1.26 I 
0.95 
0.03 I 

I 

0.99 ; 

0.79 

0.87 

1.14 

3.43 

3.17 

2.20 

1.18 

0.D8 

1.01 

0.98 

1.01 

17.75 



2.92 
5.63 
4.50 
2.81 
1.63 
1.30 
1.09 
0.80 
0.81 

0.86 
0.76 
0.76 
1.02 
2.98 
2.85 
1.91 
1 02 
0.88 
0.88 
0.88 
0.88 



1.31 



1690 IB 10 
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Without attempting to describe in detail the irrigating systems which extend from Falls river to below 
Idaho Falls, it will be sufficient to luention a few of the more prominent ditches, the location of which is shown on 
the map. On the west side of Henry fork the St. Anthony canal is reported to be abou<^l miles in length and 28 
feet wide. It is owned by a stock company, each share entitling the owner to 10 miner'sTnches of water. The 
Egin canal, which is below the St. Anthony canal and in general parallel with it, is about 14 miles long and 25 
feet wide, and is said to have cost about $20,0(H). The ownership is divided inte 400 shares, each share entitling 
the holder to a proportionate amount of water. 

The largest ditches are those taken from the south fork of the Snake, covering the land in the vicinity and 
north of Idaho Falls. For instance, the Eagle liock and Willow Creek Water Company has a canal 25 miles long 
and 30 feet wide, with an average depth of about 3 feet. The cost is said to have been $100,000. Each share in 
this company entitles the owner to 5 inches of water, 1 inch being considered under ordinary circumstances 
sufficient for 1 acre of land. The Farmers Friend ditch is 5 miles long and 20 feet wide. It cost $11,000, and 
covers land below the canal just mentioned, being built by irrigators. In the vicinity of Idaho Falls are two large 
canals, the Great Western and the Idaho, heading on opposite sides of the river near Bear island. The latter of 
these is reported to be 40 feet wide and 4 feet deep, and at a distance of 12 miles from the head to be 20 feet wide. 

The country has but recently been settled, and as yet the farms are hardly in good order, as is shown by the 
average value of ])roducts. Ditehes are being built and enlarged constantly, some running parallel and others 
crossing from point to point. In general the irrigation systems are owned by the farmers, although a few are in 
the hands of corporations. A good example is here aftbrded of the growth which takes place without system or 



niSCHAKGE OF TETON RIVER AT CHASES RANCH, IDAHO. 

(Drainage area, 907 8quart> miles.) 



DI8CI1ABUB IX 8ECONDPEKT. 



aiONTUS. 



Maxi- 
mum. 



Mini 
mum. 



1890. 
April 5 to 30 

May 

June 

July 

August 

September . . 

October 

November . . 
December. . . 



1,295 

4,445 

4,065 

2.950 

935 

510 

510 

450 

510 



1891. 

January 

February 17 to 28 

March 

April 

May 

June 

July 

August 

September 

October 

November 

December 



545 
1,545 
1.925 
935 
510 
450 
450 
450 
450 



Mean. 



Total for 
month in 
acre-feet. 



475 , 

450 

935 

2,360 

2,360 

1.635 

670 

450 

450 



Per annum 

1892. 

January 

February 

March 

April 

May 

June 

July 

AngiiHt 

September 

October 

November 

Decern l>cr 



2.360 



450 

820 

4,990 

5,270 

4.575 

1.455 

510 

475 

450 



450 
450 
450 
720 
1,205 
670 
450 
450 
425 



400 



Per annum . 



5,270 



450 
450 
585 
2,245 
1.545 
545 
475 
450 
450 



400 



740 

2.730 

2, 812 

2.130 

678 

462 

475 

450 

459 

400 

465 

450 

630 

1,402 

1.661 

1,050 

547 

4^0 

444 

425 

425 

696 

400 

425 

450 

575 

1.911 

3,845 

2.780 

758 

488 

471 

450 

450 

1.084 



RUNOFF. 



I Second- 
Depth in ! feet per 
inches. ! square 
! mile. 



44,030 

167, 805 

167. 314 

130,995 

41.697 

27,489 

29,212 

26.775 I 

28,228 I 

24,600 I 
25.807 
27,675 ' 
37,485 I 
86,223 I 
98,829 ' 
64.575 
33.640 
26,775 I 
27,306 I 
25,287 ' 

26,137 1 

... I 

504, 339 



24,600 

24,437 

27,675 

34,212 

117, 526 

228,777 

17«», 970 

46, 617 

29,036 

28.905 

26,775 

27,675 

787,265 



0.85 

3.26 

3.26 

2.51 

0.81 i 

0.53 

0.57 

0.52 

0.55 



0.48 
0.50 
0.54 
0.72 
1.66 
1.91 
1.25 
0.65 
0.52 
0.53 
0.49 
0.51 

9.76 



0.48 
0.47 
0.54 
0.66 
2.28 
4.43 
3.32 
0.90 
0.56 
0.56 
0.52 
0.54 



0.77 
2.82 
2.91 
2.20 
0.70 
0.48 
0.49 
0.46 
0.47 

0.41 
0.48 
0.47 
0.65 
1.45 
1.72 
1.09 
0.57 
0.47 
0.46 
0.44 
0.44 

0.72 i 



DISCHARGE OF SNAKE RIVER AT IDAHO FALLS, IDAHO. 
(Drainage area, 10,100 square miles.) 



MONTHS. 



1889. 

July 

August — 
September. 

October 

November . 
December. 



DISCHABOK IN SBCOND-FEET. 



Maxi 
mum. 



1800. 
January . . 
Februarj' . 

March 

April 

May 

June 

July 

August... 
September 

October 

November 
December 



15.26 



0.41 
0.44 
0.47 
0.60 
1.92 
4.00 
2.88 
0.79 
0.51 
0.49 
0.47 
0.47 

1.12 



IVr annum 

1891. 
Dec«*mber 



8,646 
3,130 
2,508 
2,730 
2.J52 
2,730 



Mini- 
mum. 



3,174 
2,286 
2,286 
2,286 
2.508 
2,508 



15.000 

49,350 

50,450 

28,800 

10,350 

5,950 

4.600 

4,350 



50,450 



2,900 

16,900 

24.930 

10,700 

6,250 

4,350 

4,350 

3,900 



2,000 



1892. 

January 

February 

March 24 to 31. 

April 

May 

June 

July 

August 

September — 

October 

November — 
D(*ceniber 



2.900 



Mean. 



5,184 
2,596 
2.300 
2,425 
2,737 
2,601 

2,000. 

2,000 

2,000 

5,702 

35,606 

34,870 

19,970 

7,875 

4,934 

4,552 

4,207 

3,900 

10,365 



Total for 
month in 
acre-feet. 



2,550 



4,100 

4,600 

51,000 

54,300 

51.000 

9.650 

4,850 

4.350 

4,100 



3,500 
2,250 
4,725 
29. 675 
10.000 
4,850 
3.900 
4,100 
4,100 



318, 816 
159.054 
136,850 
149, 137 
162, 851 
159,961 



123,000 

111,000 

123,000 

330,209 

2, 189, 769 

2. 074, 765 

1.228.1.'>5 

484,312 

293,573 

279*. 948 

250,316 

239,850 

7,736,957 



RUN-OFT. 



Depth in 
Inches. 



Second- 
feet per 
square 
mile. 



0.59 
30 
0.25 
0.28 
0.30 
0.30 

0.23 

0.21 

0.23 ! 

0.63 i 

4.06 

3.85 

2.28 

0.90 

0.54 

0.52 

0.47 

0.45 



0.51 
0.26 
0.23 
0.24 
0.27 
0.26 

0.20 
0.20 
0.20 
0.57 
8.52 
3.45 
1.98 
0.79 
0.48 
0.45 
0.42 
t 0.39 



14.87 



2,773 i 170,539 



0.32 



Per annum 



54,300 2,250 



3.000 
3,000 
3.900 
3,760 
18,187 
41,357 
24,009 
6,463 
4, 312 
4,156 ' 
4,100 i! 
4,000 i' 



184,500 

172,500 

239, b50 

223.720 

1,118,500 

2,460.741 

1,480,243 

397,474 

256, 546 

255. 594 

243, 950 

246,000 



1.05 



0.28 



0.34 


0.30 


0.32 


0.30 


0.44 


0.39 


0.41 


0.38 


2.08 


1.80 


4.56 


4.10 


2.75 


2.40 


0.74 


0.64 


0.48 


0.43 


0.47 


0.41 


0.45 


0.41 


0.46 


0.40 



10,025 , 7,279,618 



13.50 



1.00 
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comprehensive plan. Fortunately, however, the water supply is large, aud the evils resulting from hapbaziird 
voDStnictiou are uot apparent. 

MAP OP IHKIGATING CANALS IN THE VICINITY OF IDAHO FALLS, BINGHAM COUNTY, IDAHO. 




Several of the cauaU are so located that they can be enlarged to cover much of the agricultural land to the 
Bouthof Idaho Falls, but it is probable that to obtain ample water for any great system it will be more a<lvantageous 
to take water from the uiain stream ueai' Idaho Falls, instead of from the old channel or sloughs of the south 
fork. In order to give an idea of the water supply in the south fork of the Snake aod also of the diversions 
being made, the results of a series of gaugings are given. On September 14, 1889, the Eugle Kock and Willow 
<?reek canal was carrying 103 second-feet, the Farmers Frieud canal 65 second-feet, Burgess canal 38 second-feet,, 
and on September 16 the Letvisville canal was carrying 74 second-feet, the Old Channel 70 second-feet, La Belle 
14 second-feet, Menan canaJ 236 second feet, and the south fork below these canals 874 second-feet. Oil 
September 19 the south fork at the United States Geological Survey ganging station above these canals was- 
carrying 1,014 second-feet. 

The ditches from the various streams, especially from the south fork of the Snake, have, as a rule, no 
permanent headworks, some of them taking water fVom side channels or sloughs. The expense of construction is 
relatively small, and most, if uot all, of the work can be done by the irrigators. The canals heading on the main 
river, howe\er, require considerable attention and expense in order to keep the headworks clear. The gravelly 
bed of the river channel shifts rapidly, and occasionally is scoured out so deep that it is impossible to bring water 
iDto the old hetidworks. 
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Boise county is west of the center of Idaho, and includes the greater part of the catchment area of the Payette 
river. On the soath it extends over the divide to the north fork of the Boise, thus including a small portion of 
this drainage. It has been mainly a mining county, a number of placers along the Payette having in past years 
been worked with success. Stock raising is an important industry, the valleys and lower mountains furnishing an 
excellent range. 

The agricultiu'al land lies along the Payette and its tributaries in the southern part of the county, and also 
on the north fork of the Payette in Long valley at the northern extremity of the county. Long valley lies in a 
north and south direction, being about 35 miles in length and from 6 to 8 in width. The altitude is from 4,000 to 
4,500 feet, and the climate is so cold that until within a few years there has been a belief that no crops could be 
raised and that the land was suitable only for grazing. Of late years, however, settlers have pushed rapidly into 
the valley, and they have found that wheat, oats, and barley, and also potatoes and other vegetables could be raised, 
and that these often succeeded without irrigation. By the use of water artifically applied, however, the land is 
made to yield larger crops, but in the case of the small grains it is stated that by irrigation the growth is increased 
and often prolonged so late in the season that they do not mature before winter. At the northern end of the valley 
are the Payette lakes, in which the iiver rises, and which might possibly be used for water storage should occasion 
demand. 

Farther down the Payette at Garden valley, and on Jerusalem creek and Squaw creek are small irrigated areas. 
At these points also barley and wheat are raised to some extent without irrigation, although aU crops do better with 
artificial application of water. In the drought of 1889 the supply of water from the small streams became very 
scanty, and in a few instances irrigators were compelled to buy water from the miners in order to save their trees 
and vegetables, the rate given in one instance being 10 cents per miner's inch per day. 

irrigation is being gradually developed in this county, but the ditches are small and take water from creeks 
and streams as they issue from the sides of the valleys. The Payette is a river of considerable size, but its waters 
have not been diverted in this county on account of the expense. There is a demand for the construction of canals 
to cover the great areas in Long valley and in the lower part of the county. The present inhabitants, however, 
are mostly poor and were barely able to build the small ditches now in use. There is at i)resent an ample supply 
of water, but the time is not far distant when the entire quantity flowing through the summer in all the streams 
except the main Payette river will be appropriated. 

Cassia county is in southern Idaho, iwljoining Boxelder county, Utah, and Elko county, Kevada, from whose 
mountains and plateaus this county receives a large i)art of its water. Snake river forms the northern boundary, and 
the tributary streams coming from the south flow nearly due north across the county, passing through many beautiftil 
valleys on their way. Agriculture has l>een gradually developed wherever water could be obtained for irrigation, 
and every spring and stream is utilized. The mountains from which the water comes, although rugged in places 
and including peaks upwards of 10,000 feet in height, are not sufficiently extensive to receive the enormous deposits 
of snow required to maintain large perennial streams, and for this reason most of the creeks after emerging from 
the valleys dwindle in the summer to proportions fav below the needs of the irrigators. As an example, it has been 
found that the water in Goose creek falls below 300 miner's inches, as there measured, while the claim of a single 
irrigator owning prior rights is for 320 inches. 

Water is measured usually in a short flume, or box, 1C.5 fe^'t long with a total fall of three-eighths of an inch. 
These boxes may be made of any width desired, but the water must be maintained at a depth of 9 inches. The 
number of miner's inches is obtained by multiplying the width of the box in inches by 9. It is somewhat difficult 
to maintain the slope of these boxes constant, and since there are many other varying details, the amount of water 
carried by the different boxes as an " inch" varies widely. The actual amount of water contained in the average 
*' inch "has not been ascertained. It is stated that water has been decreed by the courts at the rate of 160 of 
these inches for 160 acres, but several of the irrigators assert that 100 inches should irrigate from 160 to 200 acres. 

As a result of gradual settlement and corresponding increase of area under cultivation, the demand for water 
has grown so that great difficulty is experienced by the older settlers in securing the amount claimed by them. 
Judicial decisions are usually unsatisfactory, from the fact that although the water may be decreed to certain 
irrigators, the stream does not furnish a quantity sufficient for these decrees to be enforced. Litigation is pending 
among many of the irrigators, and prospects of speedy settlement are not encouraging. On nearly every creek 
are places which the irrigators consider suitable for reservoir sites, but few steps have been taken toward water 
storage. One or two small reservoirs have been constructed, and the outlet of a lake has been provided with 
regulating gates so that water can be held. The great demand, however, is for a canal to tiike water from the 
Snake river, and it is asserted that such a scheme is practicable, although the surveys of the United States Geological 
Survey seem to leave the matter in doubt. A line was run from the American falls on Snake river with the 
object of demonstrating the possibility of bringing the water of the Snake into the valleys of Raft river and 
Goose creek, but after progressing 13 miles the line was abandoned as impracticable on account of the difficulties 
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of constructiug the canal. A higher line was then taken up, with the assumption that water could be taken jfrom a 
large canal heading near Idaho Falls, but after running 17 miles this survey was also abandoned for the same reason. 
Nothing can be raised in this county without irrigation, excepting, perhaps, one crop of alfalfa in the early 
part of the year, and this would be greatly improved by irrigation. Farming is conducted on a small scale on 
account of the general scarcity of water, the area prepared by the farmers each year depending somewhat upon 
the appearance of snow among the high peaks. On many of the main ditches the proportion to be turned to each 
irrigator is determined by an order of court, but even this is not satisfa<;tory. The general complaint is voiced by 
one of the irrigators, when he says: "The greatest objection to irrigation is the everlasting litigation i)revalent on 
all streams where there are numerous claimants to water, and the losses to crops from failure of water owing to the 
very crude law providing for its distribution". 

Custer county is nearly in the center of the state, and includes an area of high mountains on the head waters 
of the main Salmon river. On the southeast it extends into the catchment basins of the Big and Little Lost 
rivers, and on the northeast it includes that part of the Pahsimeroi valley which lies on the left bank of the stream. 
It is a mining and stock raising county, but there are three valleys in which agriculture has gained a foothold. 
Nothing can be raised without irrigation, excepting perhaps on the low natural meadows or in the little valleys 
high among the mountains. The Salmon river flows north through Hound valley, carrying usually a larger quantity 
of water than is needed, the average amount being given as approximately 600 second-feet. Many ditches are 
built to take water from this river and also from the tributary streams, and appprently there is an ample supply for 
all. There are also a number of farms in the valley of the Big Lost river, which flows southeasterly out upon the 
lava plains of the Snake, and there disappears. The soil in this valley is very i)orous5 great quantities of water 
are necessary in order to raise a crop, and the supply is not sufficient to meet the demands in this county and also 
those in Alturas county, farther down the river. 

In the Pahsimeroi valley is a large amount of fertile land which can be brought under irrigation. It is only 
recently that the cultivation of the soil has been attempted by more than a few individuals, as the cattlemen have 
used this as a range and have opposed the advance of settlers. There is every reason to believe that climate, soil, 
and water supply are equal to those of the adjacent valleys. In the case of all these agricultural lands there is 
great need of the construction of a few large, well built canals to receive the waters of the streams before they are 
lost into the permeable valley bottoms and to conduct them with the least x)088ible loss to the agricultural lands 
on which they can be used to best advantage. Many of the creeks rapidly diminish in volume after June 15, and 
the complete development of agriculture is dejwndent upon the conservation of flood waters for use in the latter 
part of June and in July. 

Elmobe county is in the southwestern part of Idaho, extending from the north fork of the Boise river south 
to the Snake river, and bounded on the east and west by straight lines arbitrarily located. This strip of country 
includes part of three minor drainage basins, these being, first, on the north a large x>ortion of the catchment area 
of Boise river; second, near the center of the county a small portion of the head waters of Camas creek, which 
flows easterly into Logan county, opposite to the general course of the Boise; and, third, on the south areas drained 
by small creeks flowing toward the Snake over or through the lava formed plain bordering that river. The divide 
between the drainage basin of the Boise and that of the streams to the south is comparatively low, so that these 
latter streams do not as a rule receive a large or x)erennial supply of water. 

On the northeastern corner of the count>' is a part of the Sawtooth range, containing summits which rise to 
heights of 7,000 feet and upward. The water supply of the Boise is therefore large, but the area of tillable land 
along the river in this county is limited. To the west, however, in Ada county, as previously described, are 
immense tracts of fertile land requiring all the water which can be furnished by this stream. On the narrow 
bottom lands in Elmore county are a number of ranches, the average area of the level land of which is from 50 to 
100 acres. There still remain other small patches to be taken ui) by settlers along the mountain valleys, the 
altitude of these, however, being so great that only forage crops or the hardier grains and vegetables can be 
successfully raised. 

The principal agricultural settlements of the county are along the southern foot of the low range which 
separates the Snake liiver plain from the Boise drainage. Along each of the small creeks which issue from these 
mountains are areas of cultivated land, the water supply without storage being hardly sufficient to cover the land 
now tilled. Wherever water can be had large crops of wild hay, alfalfa, wheat, rye, and vegetables are raised. 
There are no canals in this county, irrigation being carried on by means of small private ditches. The inhabitants 
are hopeful, however, that in the future a great canal may be built to take water from the Snake river £aj* to the 
east and bring it out upon the broad plain which stretches from the foothills to the edge of the gorge in which the 
Snake river flows. 

The broad, fertile plain extending from the Snake river northward to the foothills is underlaid by lava, and 
as the streams leave the mountains and flow out upon this lava sheet many of them lose a large part, if not all, 



150 IRRIGATION. 

of tbe water into the porous strata, so that on the open ground at a distance from the mountains the water supply 
is usually more uncertain and less in quantity than it is in the narrow valleys. Among the foothills there is 
usually an ample supply from February to April, the amount depentling largely upon the temperature of the season 
and the rate at whicli the snow melts, whether gradually, giving a continuous flow, or rapidly, resulting in shoit, 
early floods, followed by droughts, as was the case in 1889. In this region stock raising is the principal industry, 
the tilling of the soil being of secondary importance. The settlers have taken up the land near each spring and 
along every stream, and have used the water according to the best of their ability. Both hot and cold springs are 
to be found along the foothills and near the Snake river, and most of these are now used for agriculture. In some 
instances the owners of these springs have built small reservoirs to hold the sui'plus waters, and they can thus 
irrigate comparatively large areas of ground. Other works of this kind are projected or are being executed as 
fast as the means of the settlers will allow. 

One of the largest storage enterprises in the state is that of the Elmore County Irrigation Company, whose 
main reservoir is about 2.5 miles northeast of Mountain Home, a town on the Oregon Short Line. This reservoir 
has a surface area of nearly 5G0 acres. It is formed by an earth dam thrown across a narrow place on Eattlesnake 
creek. An lulditional supply will probably be obtained from Canyon creek by a feeding canal 30 feet wide on 
bottom, and other storage reservoirs may be built to increase the amount available. From the main reservoir the 
waters flow down the natural creek bed for a distance of 1.5 miles and are there diverted by canals, one toward 
the west to supply Mountain Home, the second toward the south, covering with its branches lands along both 
sides of the railroad. The lands under these canals are reported to be very fertile and adapted for the cultivation 
of fruit. 

The Orchard Irrigation Company has a storage reservoir in this county, built for the puri)ose of reclaiming 
lands in the southern part of Achi and Elmore counties. Water is to be obtained from Indian creek, which heads 
on the south slope of the ridge separating the south fork of Boise river from the catchment area of small creeks 
emptying into Snake river. This stream is intermittent, being fed mainly by melting snow and rain waters. The 
reservoir has been formed by placing an earth dam across a canyon 100 feet in width. The greatest height of the 
dam is 65 feet, the bottom width 225 feet, and the top width 14 feet. The capacity of the reservoir is estimated to 
be, when filled to the bottom of the waste weir, 645,000,000 cubic feet. Water is drawn from the reservoir by means 
of a tunnel driven through the solid ground. About 2.5 miles below the dam the water is diverted from the 
natural channel into two canals, one running to the east and south and the other to the west, covering the town 
site of Bisuka. The total cost of the dam and tunnel is stated to have been $65,000. The lahds to be irrigated 
will be set out mainly with prune and other fruit trees. An additional supply will probably be obtained from a 
second reservoir built on Blacks creek, north of Indian creek. Perpetual water rights have been sold at from $15 
to $20 per acre. 

IpAHO COUNTY is uortli of the center of the state, and extends from the Bitterroot mountains on the east to 
the Snake river on the west, thus reaching across the state. The greater part of the county is composed of 
mountain ranges, which have been but partially explored even for their mineral wealth. The agricultural land lies 
in the northwestern part of the county on the almost level divide known as Camas prairie, between Clearwater 
and Salmon rivers. The northern part of this prairie is in the Nez Perces Indian reservation, but the greater 
portion of this high, slightly rolling country is utilized for grazing, and to a small extent for agriculture. The 
Clearwater and Salmon rivers flow through deep canyons or narrow valleys 1,000 feet or more below the general 
level of the prairie, and their waters can not be diverted ui>on this large body of fertile land. There is usually 
sufficient rainfall to mature the crops, and farming operations have been successful except during the droughts 
of the past few years. On the low lands in the deep valleys along the Salinon river small gardens, orchards, and 
vineyards are irrigated mainly by the use of ditches built for placer mining, some of which have been abandoned 
by their former owners. On Camas prairie wheat, oats, barley, rye, flax, and timothy, and 0(*casionally some 
vegetables, are raised without irrigation, and upon the whole dry farming is successful. It does not seem probable 
at the present time that any of this high land will be brought under irrigation, except perhaps close to the 
mountains at a few i)oints where streams issue. This county may be said to be on the dividing line between the 
counties to the south, in which irrigation is the rule, and those to the north, in which it is the exception. 

Kootenai county is at the northern end of Idaho, adjoining British Columbia, and comprising the 
comparatively narrow strip between the states of Montana and Washington. For the greater part it consists of 
mountains, generally well timbere<l, between which are many lakes, some of them of notable size. The agricultural 
land of the county lies principally on the Spokane i)rairie, a high, rolling tract along the Spokane river, extending 
in a belt 30 miles long and about 5 miles in width from Lake Cceur d'Al^ne to the city of Spokane, in Washington. 
The rainfall is usually sutlicient to mature the crops, although severe droughts have been reported and the climate 
is favorable for the growth of all of the small grains and hardier vegetables. It is rei)orted that corn does not 
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mature, but is raised for fodder. Great difficulty is experienced on the Spokane plains in obtaining water for stock 
and domestic purposes, it being necessary in many instances to haul it for distances of from 2 to 5 miles. A 
number of wells have been sunk to a depth of from 80 to 320 feet, and from these water is obtained by pumping. 
No flowing wells have been found. On the eastern side of Pend d'Oreille and Coeur d'Alene lakes are low hinds 
which are cultivated or upon which hay is cut, but in that locality there is no necessity for irrigation. In fact the 
settlers are more anxious to get rid of the excess of water than to obtain an additional supply. In springtime 
when the snow melts in the mountains the floods entering these lakes escape slowly through the narrow outlets 
below the lakes, and thus the water level is raised 15 or 20 feet or more, flooding the lower lands around the 
borders. The two instances where irrigation is practiced in this county are cases in which, owing to the 
exceptionally favorable location of the land, water can be brought to orchards and gardens. 

Latah county is south of Kootenai county, north of the Snake river, and lies principally on the head waters 
of the Palouse river and of tributaries of the Clearwater. The country is in the main a high, rolling x)rairie, into 
which the rivers have cut deep canyons. The rainfall is ample for raising crops and no irrigation is practiced, 
beyond, perhaps, the watering of a few gardens or fruit trees, which can hardly be called systematic irrigation. 
Whejxt, oats, barley, flax, rye, and the hardier vegetables, as well as many kinds of fruits, thrive well and 
bountiful crops are produced on the rich, deep soil of the high, rolling lands. Although there have been several 
dry years the drought does not appear to have been so severe as to lead to serious losses or to suggest the 
necessity for irrigation. 

Lemhi county lies along the Bitterroot mountains on the eastern side of the state. The Lemhi river flows in 
a general northwesterly course, mainly through an open valley, along the base of the mountains to its junction 
with the Salmon river, at which i)oint Salmon city is locat-ed. Mining and stock raising are the principal 
industries, but irrigation is making gradual progress, water being taken mainly from the small streams which flow 
into Lemhi river from each side. Lemhi river is boundetl by bench lands, portions of which are locally known as 
'*bar lands". The soil cm these "bar lands" is often better than that in the bottoms, but water from the main 
stream can not be taken out upon these areas, lying 100 feet or more above the stream, except by the construction 
of expensive canals. The smaller tributaries, however, having a rapid fall, can be readily diverted, and have been 
diverted in some instances. These smaller streams in many cases become nearly or quite dry in summer, and 
therefore are not as valuable for irrigation as the main stream would be. In the lower part of the valley near 
Salmon city questions concerning the rights of prior appropriators have given rise to lawsuits, which have 
somewhat retarded developments. 

On the north fork of the Salmon in the northern end of the county are a few ranches in the narrow valley 
along the stream. Here the water supply is abundant for the small amount of agricultural land, the minimum 
discharge being estimated to be 00 second feet. In the southern or southeastern i)art of the county also a few 
ranches have been established on the head waters of Birch creek and Medicine Lodge creek, both of which flow 
toward the Snake River plains, supplying water for agricultural lands in Bingham and Alturas counties. 

Logan county is in southern Idaho, north of the Snake river, being the southern portion of the area formerly 
included in Alturas county, it extends from the foothills of the Wood River mount-ains on the north to the lava 
fields bordering the Snake, and contains in the northwestern corner the beautiful Camas prairie, one of many 
of that name, as well as a number of fertile valleys along the Wood river and its tributaries. The tilled lands of 
the county are near the foothills on the northern edge of the county, or along the valleys of the Big and Little 
Wood rivers and their tributaries. There are also small areas under cultivation down on the low lands within the 
canyon walls of the Snake. These lands are irrigated nminly from springs which issue from the precipitous sides 
of the gorge, some of them falling from a height of 150 feet or more. Here, also, along the river are many placer 
mines, and the water from the springs is employed for mining as well as for irrigation. 

The Big Camas prairie is a broad, fertile tract lying in a general east and ^^est direction, its length being 
about 50 miles and its width 6 to 8 miles. Malade river, or Camas creek, flows easterly through the center of the 
prairie, receiving on its way a number of small streams that come from the mountains to the north. These streams 
discharge considerable water at the time of melting snow, but in the latter part of June they diminish rapidly in 
volume, and in July and August little, if any, water reaches the Malade, although there may be a constant flow in 
the streams near the mountains. On June 28, 1880, Camas creek was measured above the backwater from the 
Wood river, and it was found to be discharging only 2 second-feet. The fall of the river is very slight, and water 
from the Wood river backs up for a distance of 6 miles. 

Agricultural operations are almost entirely confined to the northern side of the prairie, at which point all of 
the water to be obtained in summer is utilized. In wet years crops can sometimes be raised successfully upon the 
prairie without irrigation, but in times of drought, as in 1889, even the small, comi)aratively well watered areas 
near the mountains suffer. Rye is often cultivated without the artificial application of water, and after alfalfa has 
on(je been started one crop a year can be obtained from the dry ground. 
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Along the Wooil river, in the vidnity of Bellevue and Broadford, are many ranches, taking the full supply of 
that stream, except for a few weeks when the rivers are in flood. On the Little Wood river and its principal 
tributary, Silver creek, there are comparatively large areas of irrigated land. From these streams a great number 
of small ditches have been laid but, and there is no doubt among the farmers that the available water supply 
could be greatly increased if in place of these little ditches one or two well made canals could be constructed. In 
their lower courses the rivers flow over i>ervious beds, and thus lose a great part, if not all, of their water, and if 
canals with well puddled sides and bottoms could be constructed to cut off the meanders of the stream and carry 
the water with moderate velocity to the places where it is needed, a far larger acreage could be cultivated. One 
or two reservoirs are being constructed above narrow i)laces along the rivers, and hopes are entertained of greatly 
increasing the crop area by this means. There was great loss of crops in 1889, not only on account of drought, 
but also through the ravages of grasshoppers. The damage done by these pests would have been greatly lessened 
if there had been ample water to irrigate the fields and i)revent the development of the young insects. 

Owing to the peculiar character of the soil, what is known as subirrigation is largely practiced, that is, the 
water is turned out of the laterals upon the fields. After saturating the surface it soon reaches an impervious 
layer, upon which it si)reads laterally, wetting the grountl at a distance beneath the surface. Enormous quantities 
of water are used in this way, and a good deal of it is wasted. Smaller ditches, dug nearer together over the field, 
would irrigate a larger area with less water. 

A few measiu'ements of river discharge have been made in this county by the United States Geological Survey, 
but no continuous records have been kept. The Wood river, as described in the statement concerning Alturas 
county, was measured near Hailey. On June 20, 1889, the river at that point was discharging at the rate of 300 
second-feet, while 50 miles or more below, at the junction of Big and Little Wood rivers, its bed was almost dry. 
At the same time the Little Wood river at a point about 30 miles above the junction was discharging 30 second- 
feet, and its principal tributary, Silver creek, 170 second-feet, or in all 200 second-feet for the Little Wood. This 
added to the 300 second-feet in the Big Wood river at Hailey would make 500 second-feet, which, aside from the 
discharge from other sources, should theoretically be found at the junction, since a very small amount was being 
appropriated for irrigation. It thus appears that at least 500 second-feet was lost in the passage through the 
lava beds. 

DISCHARGE OF WOOD RIVER AT HAILEY, IDAHO. 

(Drainage area, OOG square miles.) 



MONTHS. 



1880. 

July 

August 

September 

October 

November 

December , 



Maxi- 
mom- 



Miui- 
mom. 



238 

126 
126 
153 
153 
153 



119 
113 
113 
126 
126 
126 



►XD-FEET. 


Total for 
month in 
acre-feet. 


Mean. 


163 


10,024 


123 


7,564 


123 


7.318 


138 


8.487 


145 


8,627 


138 


8.487 ' 

1 
1 



RUKOPF. 



' Second- 
Depth in ] feet per 
inches. J aqnare 
' mile. 



0.21 
0.16 
0.10 
0.18 
0.18 
0.18 



0.18 
0.13 
0.13 
0.15 
0.16 
0.15 



Nez Pebces county is in the northwestern part of Idaho, opposite the southeastern comer of the state of 
Washington, and includes the country from the Snake river eastward along a portion of Cleai-water river. The 
Lapwai, or Nez Perces, Indian reservation has until recently covered the greater part of the county back from the 
Snake river, and settlement has been retarded pending the opening of at least a portion of this reservation. The 
greater part of the county consists of high, rolling prairies, or tablelands, through which the streams flow in 
great ravines or canyons at a depth of from 200 to 500 feet or more below the general level. The altitude of these 
uplands is from 2,000 to 3,000 feet, and usually there is sufficient rainfall to produce fair crops of wheat, oats, rye, 
barley, com, as well as potatoes and other vegetables. The soil is very fertile, and in years of abundant rainfall 
the crops are exceptionally large. Often, however, a« in 1889 and 1890, the rainfall is deficient in quantity, and 
the crops, if not a total loss, are so scanty as hardly to repay the value of the seed and the labor of planting. 

Water can not readily be taken to these plateaus on iiccount of the depth to which the streams have eroded 
their channels. It is possible, however, that careful surveys may discover localities to which the streams can be 
conducted by long canal lines. The water supply from the Clearwater and its principal tributaries is excellent, 
but the smaller streams of the plateaus are very uncertain in their discharge. If found necessary as a protection 
against droughts, reservoirs can be built on the head waters of some of these small streams, especially in the 
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vicinity of Craig mountains. In one case at least a small lake has already been utilized. As irrigation is not always 
essential on these high lands, it is doubtful whether many attempts will be made at present. On the low lands in 
the narrow valleys it is necessary to irrigate the gardeus, orchards, and vineyards, as well as many of the field 
crops. The Lewiston Mining, Milling and Irrigating ditch from Clearwater river, 6 miles long and 4 feet wide on 
bottom, supplies water to a number of gardens and orchards at Lewiston, and there is also an irrigation ditch in 
tlie valley of the Sweetwater. Most of the irrigation in the county, however, is from small springs or by water 
raised by steam pumps, pulsometers, immps driven by water wheels or by norias. 

Oneida county is in southeastern Idaho, west of Bingham and Bear Lake counties and south of the Snake 
river. It is irregular in shape, a narrow projection from the southeastern corner extending along the Utah line 
across the northern end of the Cache valley to the summits of the Bear river range. It thus includes several 
distinct drainage districts, those of the streams flowing into the Bear river on the north, that of the Malade and 
its tributaries on the south, and the Cache valley streams on the southeast. The greater part of the county is 
mountainous, although the peaks, as a rule, do not rise to great heights. As a consequence of the general low 
altitude the water supply is comparatively small even for the narrow valleys, and is not suflBcient to irrigate all 
the cultivated land, although this forms but a small proportion of the total amount arable. In the northern part 
of the county the valley along Bannock creek and the Portneuf river has been a part of the Fort Hall Indian 
reservation, and accordingly agriculture has not been developed along these streams. To the west of these, 
however, are a number of creeks flowing northward from the short mountain ranges, and each of them is used to 
its full extent in summer. The largest of these is Rock creek, along which in the vicinity of Rockland are irrigated 
areas of considerable extent. 

In the southwestern part of the county are many valleys, some of them broad and containing thousands of 
acres of fertile land. The water supply from the hills is, however, very small, and cultivation is possible only in 
favored spots close to ravines from which small streams flow. At these points some forage is raised for the cattle 
which roam over the higher lands, where, as a rule, they find an excellent range. The Malade river receives the 
greater part of its water from the Bannock and Malade ranges to the east. Each of the tributary streams from 
these mountains is utilized at the point where it issues from its canyon, and a large portion of the northern and 
eastern edge of the Malade valley is thus irrigated. The farmers have found it impossible to water the whole of 
their land by the unregulated flow of the streams, and have attempted to construct storage reservoirs, but on 
account of lack of engineering skill and of capital not all of these have been successful. The Malade range, which 
separates this valley from Caehe valley, is too low and too small in area to give rise to any very large streams, and 
as a consequence the greatest economy must be used in employing the waters upon the rich lands lying on either 
side. 

In Cache valley is probably the largest body of level land in the county. The Bear nvor, coming from Gentile 
valley on the north, flows in a southwesterly course through narrow canyons, descending by rapids or small falls, 
and enters Cache valley through a deep gorge which it has cut in the ancient lacustrine sediments. The lands in 
the upper end of the Cache valley are 100 feet or more above the river, but the plain descends rapidly toward the 
south, so that in Cache county, Utah, the river is only a few feet below the general level. The part of the valley 
which is in Oneida county is so high above the river that up to the present time none of the water from Bear river 
has been used, except in the case of small ranches on the bottom land fringing the stream. 

On the east side of Cache valley flowing into the Bear river are several large streams, each of which is diverted 
upon the lands extending out from the foothills toward the center of the valley. Several towns of importance 
have sprung up near the canyons of these streams, each depending upon the waters coming from the mountains. 
On the west side of Cache valley are enormous tracts of fertile land, extending from Deep creek to Western creek, 
for which no water is at present available. As previously stated, the Malade range, bounding the valley on the 
west, does not furnish sufficient water for the needs of the small agricultural towns, and water storage has already 
been found necessary, at least four reservoirs being under construction. 

Surveys have been made to demonstrate the i>ossibility of taking water from the Bear river at some point in 
the canyons below Gentile valley, and it has been found that there is sufficient fall to the river to allow of a canal 
being taken out to cover this west side land, but the difficulty of constructing and maintaining a canal in the sides 
of the steep bluffs of unconsolidated materials is so great that it is questionable whether such a canal would be 
profitable. By utilizing the storage facilities of Bear lake, mentioned in the description of Bear Lake county, it is 
probable that sufficient water Can be secured for such an enterprise even after the lower canals have been supplied. 

The measurements of water flowing in the Bear river made by the United States Geological Survey have 
been at two points, the first at Battle creek, at the head of Cache valley, in Oneida county, and the second near 
Gollinston, in Boxelder county, Utah, below Cache valley. The discharge at Battle creek varied from 270 to 5,980 
second-feet in 1890. (a) 



a The average for two years was 1,423 secoti'd-feet: Thia amount of water Aowing throagbout the year is eqaivaleut to 1,030,253 acre*feet. The drainage ar«a is 
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On some of the fertile lands to which water can not be brought, dry farming, that is, farming without irrigation, 
has been attempted, often with successful results. In fact, many of the farmers state that although the yield per 
acre is smaller, the returns as a whole are greater than on irrigated land, from the fact that larger acreages are 
tilled with less labor and expense, and tbus the cost per bushel of product to the farmer is less. liye, wheat, and 
corn are reported to be the principal crops thus raised, the greatest acreage being that in rye. As a general rule, 
however, it may be said that irrigation is necessary in this county, and it is only when water can not be had that 
more precarious methods of agriculture are attempted. 

Irrigation is carried on by means of small ditches built by the farmers individually or in partnership, or 
occasionally "by corporations whose members are the irrigators using the water. Most of the agricultural towns 
are incorix)rated, and the management of the water is assumed by the town officers. In this case, however, since 
all of the voters are farmers, the control is practically in the hands of irrigators. Many of the ditches have been 
built for so many years, and have been so often enlarged that it is impossible to ascertain either their cost or 
dimensions. Irrigation is usually begim about May 1, water being used upon the lucern, or alfalfa, and one good 
irrigation insuring a crop. By the time these fields are irrigated the small grains need water, and the alfalfa 
receives no more until these are harvested. The grains usually require three waterings at intervals of about 
18 days, the practice varying, however, with different individuals. If there is plenty of snow in January and the 
wind blows it into drifts the farmers can expect a good supply of water in June and plant a full acreage. They 
are accustomed to regulate to some extent the area of ground cultivated by the appearance of snow in the 
mountains and the probable amoujit of water to be received. If there is an excess of water in the fall, it is 
frecjuently turned upon the ground in the hope of securing a saturation sufficient to be of benefit the next spring. 

Owyhee county is in the southwestern corner of Idaho, adjoining Oregon and Nevada. Tlie Snake river 
forms the northern boundary, and receives the drainage of the county by a number of streams, njost of which are 
short and carry a small volume of water. The Owyhee river, rising in the mountains of northeastern Nevada, 
flows across the southwestern corner of the county into Oregon and finally enters Snake river a short distance 
north of the county line. This river receives most of the streams that rise in the western side of the ccmnty. 

The great lava sheet of southern Idaho extends from the east, halfway across this county, forming a great 
plateau with a rough, barren surface. The Snake river has cut across this plateau, forming a deep, narrow gorge, 
which widens in places, and is occasionally fringed with bottom lands. The larger tributaries also have cut deep 
ravines or gorges in the laiva, making long, narrow valleys, while the smaller creeks issuing fiom the mountains 

about 4,500 wiuare miles, aud this water if placed upon a plain of tbe aaroe size would cover it to the depth of 4.3 inches. The following are the gangings for a series 
of yearit : 

DISCHARGE OF BEAR RIVER AT BATTLE CREEK, IDAHO. 

(Drainage area, 4,500 mpiare miles.) 



DISC'IIARUK IN SECOND-FBBT. 



RUNOFF. 



DI9CHAROB IN SECOND-FBET. 



MONTHS. 



1889. 

October 11 to 31 

November 

December 



1890. 
January . . . 
February. . 

March 

April 

May 

June 

July 

August 

September. 

October 

November . 
December. . 



Per annum. 

1891. 

January 

Fehruary 

March 

April 

May 



Maxi- 
mum. 



430 
830 
735 

1.255 
2,040 
2.040 
3.9C0 I 
5.980 I 
5,980 
2. 170 
1.200 
880 . 
880 , 
880 
780 

5,980 
600 . 



880 
2, 950 
3. 030 



Mini- 
mum. 



690 



Mean. 



Total for 1 
i month in ij 
acre feet. i. Depth in 
I inrheH. 



300 
430 
350 

270 
000 

780 ; 

2. 170 

3,960 

2.300 

1.200 

880 

780 ; 

780 

780 

690 



7H0 i 
780 ' 
2. 440 



355 
487 
565 

875 

809 

1.271 

2. 978 

5.199 

4,074 

1,582 

1,000 

843 

854 

783 

748 



690 

780 

790 

1.623 

2, 6.V2 



21,a32 
28,976 
34. 747 

53, 812 

44, 900 

78,166 

177, 191 

319. 738 

242, 403 

97, 293 

61,500 

50,158 

52, 521 

46,588 

46. 002 



27D '■ 1,751 1.270,272 



42,435 
43,290 
48.5g5 
96.509 
16:i,098 



0.18 
0.18 
0.20 
0.40 
0.68 



0.09 : 

0.12 
0.14 

0.22 
0.18 
0.32 
0.74 
1.33 
1.01 
0.40 
0.26 
0.21 
0.22 
0.10 
0.19 

5.27 : 



Second- 

feet per 

square 

mile. 



0.07 
11 
0.13 

0.19 

0.18 

0.28 

0.6G 

1.60 

0.91 

0.35 !! 

0.22 

0.19 

0.19 

0.17 

0.17 

0.42 

0.15 
0.17 
0.17 
0.36 
0.59 



MONTHS. 



1891. 

June 

July 

Au^u.st... 
September 
October . . . 
November 
Docemlwr. 



Per annum.. 



1892. 
January . . 
Febrnury . 

^larch 

April 

May 

June 

July 

August — 
September 
October — 
November 
Decern l>er. 



Pernnnpm. . 



Maxi- 
mum. 



Mini- 
mum. 



2.870 


1,660 


1.660 


930 


980 


780 


980 


690 


980 


980 


980 


880 


1,910 


880 



3,030 



800 
880 
1. 540 : 
2,040 
4.370 
5,260 I 
3,200 
1,420 
880 
780 I 
780 
880 

5,260 ' 



690 



800 
780 
880 ' 
1,540 
2,040 
3,200 I 
1,540 i 
880 
780 
780 
600 
880 

600 



Mean. 



2,245 
1.288 
835 
798 
980 
957 
1,053 



1,224 



800 

855 

1.304 

1,824 

2.710 

4,446 

2,345 

1.025 

793 

780 

687 

880 



1,537 



Total for 
month in 
acre-feet. 


133,578 


79, 213 


51, 352 


47, 481 


60,270 


56,941 ; 



RUX-OFF. 



64.759 



887, 511 



49,200 

49.162 

80.196 

108. 528 

166. 605 

264, 537 

144. 217 

63,037 

47, 183 

47.970 

40.878 

54, 120 

1.115,619 



! Second- 
Depth ini feet i>er 



inches. 



square 
mile. 



0.56 1 


0.50 


0.33 


0.29 


0.21 


0.19 


0.20 


0.18 


0.25 


0.22 


0.24 


0.21 


0.27 1 


0.23 



3.70 



0.21 
0.2a 
0.33 
0.45 
0.69 
1.10 
0.60 
0.26 
0.20 
0.20 
0.17 
0.23 

4.64 



0.27 



0.18 
0.19 
0.29 
0.41 
0.60 
0.90 
0.52 
0.23 
0.18 
0.17 
0.15^ 

aao 

0.34 
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are often lost in the porous mass, to reappear probably as springs in the deeper valleys. The Bruneau is the 
principal river in the eastern end of the county. It rises in the mountains of Nevatia north of the sources of the 
Humboldt river. This stream Hows northward through deep canyons and furnishes a perennial supply, which can 
be used in irrigating the lower valleys. About 12 miles from the mouth of the river the canyon walls open, forming 
the Bruneau valley, which extends for about 8 miles, averaging 1 mile in width. The valley lands are very fertile, 
but are only irrigated to a small extent by a fi-w farmers' ditches. The surrounding country is used as a winter 
range for sheep, herds aggregating thousands of sheep being kept there during the winter months. At the lower 
end of Bruneau valley the river enters a rocky canyon, through which it has an average fall of about 10 feet per 

mile. 

The principal irrigation project is that of the Owyhee Land and Irrigation Company, organized for the purpose 
of bringing under irrigation a tract of about 00,000 acres lying on both sides of the Snake river, it being proposed to 
ijross the river by meatus of a flume. This company has constructe<l a dam across Bruneau river about 1.5 miles 
above its mouth, (a) The dam, shown in the accompanying illustrations, consists of a rock filled foundation 25 
feet high, 190 feet wide on bottom, and 180 feet from side to side of the canyon. Upon this foundation is a timber 
i^rih dam 176 feet long on the crest, terminating at each end in vertical masonry abutments. At the south side are 
the head gates of the canal, having an opening of 40 feet in width. From this point the canal follows the contours 
in a general westerly and northwesterly direction at a distance of from 1 to 2 miles south of the Snake river. 

In the northwestern corner of the county are small mountain ranges, from which streams flow in all directions, 
those toward the north and east directly into the Snake, and those to the south and west into the Owyhee. The 
snow on these mountains melts early in the spring, and as a consequence the floods occur in April or May, some 
weeks earlier than in the high mountains farther to the east around the head waters of the Snake. The water 
begins to diminish early in the summer, and many of the streams are dry by the latter part of June or in July, so that 
occasionally when the grain is well headed out it is impossible to secure sufficient water to completely mature it. 
These mountains are among the largest gold and silver producing areas in the state, and as a consequence there is 
a good local market for agricultural produce. There are several small valleys among the mountains, the agricultural 
land being at an elevation of less than 5,000 feet. Among them may be mentioned Pleasant valley, on the 
head waters of Jordan creek, and opening toward the west into Oregon, the portion in that latter state being known 
as Jordan valley, 

Shoshone county includes the high mountain region west of the Bitterroot mountains and east of Nez 
Perces, Latah, and Kootenai counties. It contains the head waters of the Clearwater and Cteur d'Alene rivers. 
It is a mining region, and also contains excellent grazing areas. For the most part it is heavily timl>ered, and what 
little farm produce is raised is successful without irrigation. At the altitude of the cultivated lands of the valleys 
there is sufficient rainfall to produce wheat, oats, timothy, and the ordinary vegetables. Summer frosts are apt to 
occur, and are of more injury than a scarcity of water. 

Washington county is on the western side of Idaho, lying along the Snake river. It includes the drainage 
basin of the Weiser river and a very small part of the head waters of Little Salmon river, and also on the west the 
narrow strip of country draining into Snake river. Along the Weiser is a succession of valleys, in each of which 
agriculture has been gradually developed, mainly as an adjunct to stock raising. In the highest of these valleys 
fair crops arc sometimes obtained without irrigation, but success is not always certain, and the yield is less than 
that on well irrigated land. Small ditches have been built by the farmers to bring the water of the tributaries of 
the Weiser, and in some cases that of the river itself, upon the lands adjacent to the stream, but most of these 
ditches are very small and i)oorly constructed, from the fiw»t that the farmers are poor and have luul little experience 
in handling water to the best advantage. In the lower part of the county near the Snake river are larger ditches 
built by associations, and there is also a canal from the Payette river, as mentioned in the description of Ada 
county, extending northerly into this county. 

Many of the streams, especially those coming from the west into the Weiser, are dry in summer, ami as a 
general thing the water supply throughout the county becomes scanty after the first of July. This was especially 
the case in the great drought of lS8d. Along the bottom lauds good crops are occasionally secured by means of 
the moisture which saturates the ground when the streams are high, but even on these lands during the recent 
dnmghts very little was raised. Water storage is believed to be a necessity, and the irrigators have discussed the 
matter and designated various places which might be us^d. One or two individuals have built small storage works, 
but the gi^eater number of the irrigators have about exhausted their means in digging the small ditches. In this 
eounty large tracts have been taken up by men too poor to improve more than a small fraction of the land, but who 
are struggling along in the hope that either the government or some great corporation will construct irrigation 
works that will be of benefit to them. 

As an example of the ditches, may be mentioned the Farmers ditch, in Council valley, taking water from the 
AVciser river, about miles from ("ouncil valley post office, and bringing it out ui)on the east side. The length of 



a The di8cbar£:e of the river at tbis poiut ob June 1, 1892, was estimated from float gaujyrings to be 3,500 secoDd-feet, tbis probably beiug tbe maximum for the year. 
It was alHO estimated from flood marks that the greatest known flood discharged at the rate of 7,000 second-feet 
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this ditch is 6 miles, aod its bottom width 4 feet. It is owned and is being completed by private parties^ each share 
entitling the owner to 50 miner's inches. Farther down, in Indian valley, is the Indian Valley and Gray Creek 
ditch, taking water from the Little Weiser river and carrying it in a northwesterly direction. It is 7 miles long, 5 
feet wide, cost $1,350, and is owned by a corporation, each share entitling the owner to 100 miner's inches of water. 
The annual assessment per share for cleaning and repairing the ditch is $8, and if the duty of water is 1 inch to the 
acre, the annual cost will thus be only 8 cents per acre. The stream occasionally dwindles in summer to a quantity 
so small that the shareholders can not always obtain as much as they wish. In fact, the farmers on all the smaller 
streams in this vicinity suffer more or less for want of water at critical times. 

The Middle Valley Irrigation ditch takes water from the east side of the Weiser river, carrying it southward 
about 4 miles. Its average width is 8 feet, its capacity, approximately, 20 second-feet, and its cost, $6,000, 
There is plenty of water in the river at this point, and no complaint of loss of crops. On Mann creek, in the 
southern end of the county, is a ditch taking water from the east side and carrying it a distance of 8 miles. The 
average width is 3 feet, and the cost about $2,000. As an example of prior rights may be cited the case on this 
creek, different in no way from the conditions obtaining in other parts of the country. Here 8 ranches have prior 
rights, while other ranches, to the number of nearly 30, have secondary claims to the water. In time of drought 
these 8 ranches have the entire sti'eam, while the others, equally good in every respect, must suffer. Measurements 
of the discharge of the Weiser river have been made by the United States Geological Survey at the mouth of the 
canyon, 9 miles above Weiser, and computations of daily discharge have been made, (a) 



a As continued since 1890 the mea«Drement8 cover a i)eriod of nearly two yean : 



DISCHARGE OP WEISEB RIVER IN CANYON, IDAHO. 
(Drainage area, 1,870 square miles.) 



MOMTU8. 



1890. 

March 13 to 31 

April 

May .......... 

Jnne 

July 

August 

September.... 

October 

Norember — 
December 



DISCHABOE IN SECOND-FEET. 



Maxi. 
mum. 



11,220 

7,000 

7,060 

2,470 

1,130 

190 

140 

190 

400 

480 



Mini, 
mum. 



l,j>50 

2,470 

2,610 

1,280 

220 

100 

80 

140 

160 

280 



Mean. 



5,773 

4,792 

4,882 

1,792 

590 

138 

103 

166 

222 

396 



Total for 
month in 
aore-feet. 



355,039 

285,124 

300,243 

106,624 

36,285 

8,487 

6,128 

10,209 

13,200 

24,364 



RUJf-OFT. 



Depth in 
inches. 



B. Vv 

8.20 
8.37 
1.20 
0.41 
0.09 
0.07 
0.11 
0.15 
0.28 



Second- 
feet per 
square 
mile. 



3.45 
2.87 
2.92 
1.07 
0.85 
0.08 
0.06 
0.10 
0.13 
0.24 I 



MONTHS. 



1891. 

January . . 
February . 
March — 

April 

May 

June 



DISCHARGE IN 8BCOND-FBKT. 



Maxi- 
mum. 



320 
1,860 
0,300 
2,220 
1,640 
1,010 



Mini- 
mum. 



190 

320 

1,010 

1,260 

1.010 

500 



Mean. 



292 

678 

2,855 

1,777 

1,331 

703 



ToUl for 
month in 
aore*feet. 



RFN-orr. 



17,958 
37,629 
175,582 
106,731 
81,856 
41,828 



thin 
hes. 


Second* 

feet per 

square 

mile. 


0.20 


0.17 


0.42 


0.41 


1.97 


1.71 


1.26 


1.06 


0.93 


0.80 


0.47 


0.42 
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MAP OF MONTANA SHOV 




S IRRIGATED IN 1889 



IRRIGATED I 



MONTANA. 



Total population (average per square mile 0.91) 132,159 

Number of owners of farms (4.24 per cent of population) 5, 603 

Number of irrigators (66.14 per cent of farm owners, 2.80 per cent of population) 3, 706 

Area of state, land surface (145,310 square miles) acres. . 92, 998, 400 

Area irrigated in census year do. . . 350, 582 

Area of all farms, 46.61 per cent improved do. . . 1, 964, 197 

Cereals raised in census year, including 13 acres in buckwhes^t and 14 acres in rye do. . . 77, 162 

Barley, average production, 34.59 bushels per acre .do. . . 4, 662 

Corn, average production, 13.96 bushels per acre do. . . 1, 019 

Oats, average production, 29.10 bushels per acre do... 52,768 

Wheat, average production, 24.48 bushels per acre do. - . 18, 696 

Alfalfa do... 2,522 

Total value of all farms, including land, fences, and buildings $25,512,340 

Estimated total value of the farms irrigated in whole or in part $17, 354, 000 

Estimated value of all farm productions (sold, consumed, or on hand) for 1889 $6, 273, 415 

Estimated value of productions, as above, from farms irrigated in whole or in part $4, 544, 000 

Average size of irrigated farms ac^es. . 96 

Average size of irrigated farms of 160 acres and upward do... 307 

Per cent of acreage of irrigated farms of 160 acres and upward to total acreage irrigated 50. 37 

Average size of irrigated farms under 160 acres aci'es. . 56 

Average first cost of water right per acre $4. 63 

Average annual cost of water per acre -. $0.95 

Average first cost per acre of preparation for cultivation $8. 29 

Average value of irrigated land, including buildings, etc., in June, 1890, per acre $49. 50 

Average annual value of products per acre in 1889 $12. 96 

GENERAL DESCRIPTION. 

In area of land irrigated in 1889, Montana was third, comiu|^ after California and Colorado. This was due 
primarily to the large average size of irrigated farms, 95 acres, for as regards number of irrigators the state is fifth, 
Utah and Idaho, as well as the states named, having a greater number. As a result of the large average size the 
value of lands and of products was considerably below the average for the whole western United States, by far the 
greater part of the crop raised consisting of forage plants. Over one-half of the area of the irrigated lands of the 
state was in individual holdings of 160 acres or over in size, while the remaining holdings, what may be known as 
small farms, averaged 56 acres each, in this respect standing next to Nevada, where the irrigated areas were 
largest. The first cost and value of water rights were relatively low, and also the average first cost of cultivation 
per acre. 

The agricultural development of the state, owing to its arid climate, ha« been governed directly by the relative 
position and altitude of the mountain masses and the resulting water supply. By the position of the main ranges, 
trending in a general northerly and southerly direction, long valleys have been formed following the same general 
course, as, for example, those of the Missouri below the Three Forks and of Smith river on the east of the Belt 
range, while other ranges projecting out toward the i)rairies partially encircle great basin like valleys. The 
altitude of the mountains determines to a large extent the water supply of the lands at their bases, the effect of 
altitude being modified, however, by the direction of the prevailing winds. Most of the tilled land, as well as the 
majority of the population and the bulk of various industries, is found among the mountains in the western half 
of the state. The broad valleys in which agriculture is practiced are in few cases less than 4,(K)0 feet in altitude, 
the greater part of the land now under cultivation being at an elevation of from 4,000 to 5,000 feet. 

Taking the area of the state as a whole, it has been ascertained that 49 per cent is under 5,000 feet above sea 
level, 21 per cent from 5,000 to 6,000 feet, 14 per cent from 6,000 to 7,000 feet, 9 per cent from 7,000 to 8,000 feet, 
and 7 per cent over 8,000. This distribution of altitude must be taken into consideration when discussing the 
agricultural possibilities of the state, for high mountain masses furnishing perennial streams are as important to 
fntur© development as low lying valleys with a fertile soil and a genial climate. The great problems to be solved 
and the doubts as to agricultural possibilities relate mainly to the vast low lying areas not broken by lofty 
mountains. 
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Montana is the most northerly state wholly within the arid region, and thus probably, taking all things into 
consideration, the agricultural land reijuires as a whole less water than that of any other state, although it may 
actually receive as much or more. In fact, in the northwestern part of the state crops are often raised without 
irrigation, the rainfall in ordinary seasons being sufficient for all needs. This extreme corner may be said to lie in 
the subhumid region. Even here, however, there are years of drought, as 1889 and 1890, when crops were almost 
a complete failure, and the necessity of irrigation as a means of insurance against loss is apparent. Many of the 
bottom areas, and even of the benches, when not irrigated yield in favorable years from one-half ton to 1 ton of 
hay per acre, this quantity, however, being increased several fold where irrigation is practiced. 8ome of the stock 
raisers state that hay raised without the artiticial application of water, though less in quantity, is much better 
in quality, as irrigation destroys certain of the valuable native grasses. 

In many parts of the state the rainfall is usually sufficient to bring the crops almost to maturity, and often 
only one watering is required. The grain may be nearly rii)e when the dry, hot winds sweep down upon it^ 
parching the vegetation and the soil. If water is not then at hand in abundance all of the past labor will be a 
complete failure, but with the application of water at this critical period the grain will fill to an abundant harvest. 
This one watering then is as essential to the success of the crops as are the three or four waterings of the more 
arid sections, for without it the crops are ruined. Thus, the necessity of irrigation is as great as in states farther 
to the south, altl^ough the quantity of water and the time required in applying it may be less. 

FLUCTUATIONS OF WATER SUPPLY. 

The quantity of water flowing in some of the larger streams of the state has been measured and computations 
have been made of the daily fluctuations, the results being given in the descriptions of the counties where the 
gaugings were made. From these figures the average monthly fluctuations have been computed, showing the changes 
which take place from month to month. Without water storage or regulation of the annual discharge the value 
of the river is governed largely by the amount of water which flows during the latter part of the crop season, 
that is to say, the acreage is limited to a certain extent by the quantity of water available in July and August 
rather than by the average amount discharged. The percentage of flow for each month is therefore given in the 
table below in connection with the monthly distribution of rain. Comparison should be made with similar results 
obtained for rivers in Idaho. 

Reducing this matter to the simplest statement, it is seen that in May and June 44.4 per cent of the water was 
discharged, or nearly one-half the total quantity for the whole year, while in July and August only 13 per cent and 7 
per cent, respectively, flowed in the streams. Most of this flood water of May and June comes from melting snow, the 
spring rises being due rather to increase of temperature than to direct precipitation. The mean annual rainfall 
for the entire state is about 15 inches, varying greatly, however, with the altitude of the locality, the high summits 
probably receiving upward of 30 inches of water, mainly in the form of snow, while the lower plains may receive 
10 inches a year or even less. This amount of rain, if it were precipitated mainly during the winter or distributed 
evenly throughout the year, would be of less value than at present for agricultural purposes, but fortunately the 
greater part falls during the croji season, as shown by the following table, made by the compilation of records 
from the stations of the signal service located in different parts of the state, most of these being, however, in the 
valleys. This table gives the average rainfall for all years and stations, the results being shown in inches and in 
percentages of the whole. 

AVERAGE MONTHLY RAINFALL AND RIVER FLOW IN MONTANA. 



KAUCrALL. 
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MONTHS. 



The year. 



Janujiry . . 
February . 
Mart!h .... 

April 

May 

June 

July 

August 

September 
October . . . 
Kovcinbcr 
December. 



14. 



1.0 
0.6 
0.9 
1.0 
2.5 
2.4 
1.3 
1.4 
1.0 
1.0 
0.7 
U.9 



Incbea. ! Per cent. 



100 

7 
4 
6 

m 
I 

17 

16 

9 



7 



5 



6 



m • 



, ■! 



River flow. 
(Per cent.) 



100.0 

3.6 

3.7 

3.8 

6.4 

21.2 

23.2 

13.0 

7.0 

4.7 

5.0 

4.4 

4.0 
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Prom the preceding table it is seen that the rainfall during May and June was on an average one-third that of 
the entire year, while that of July and August was a little over one-half that of the previous 2 months, but greater 
than during any other season of the year, the distribution of the rainfall by months being on the whole favorable 
for agriculture. The annual distribution of the rain is of more than usual interest in connection with the croi)8. 
of the census year, for 1889 and 1890 were known as years of drought. Comparing the rainfall as measured for 
the last decade at several stations in Montana, it is found that for these localities the average is as follows: iu 
1880 the total depth of rain was 14.5 inches; in 1881, 13.8 inches; 1882, 12.6; 1883, 12.6; 1884, 17.2; 1885, 11.7; 
1886, 12.1; 1887, 16.4; 1888, 13.5, and in 1889, 9.5 inches. The most ijrominent feature about this record is the 
great rainfall of 1884, a year when there was an unusual abundance of water throughout the west and the rivers 
were extraordinarily high. On the other hand, is to be seen the deficient rainfall of 1889, when the rivers shrank 
in many instances far below the level 4)f previous years. These fluctuations in the amount of rainfall year by year 
are to be found not only in the arid region but throughout the world, but in dry countries they are more noticeable 
from the fact that all occupations and land values are intimately connected with the supjjly of water. 

DEVKLOPMENT OF IRRIGATION. 

Montana includes on the east a i)ortion of the Great Plains region and on the west a i)art of the continental 
divide, the state extending beyond the main range of the Rockies to the Bitterroot mountains, on the western 
border. There is thus a wide difference in tox)ography from the serrated peaks and narrow valleys, watered by 
perennial streams, to the broad expanse of the prairie, whose soil and vegetation are dry and parched during a 
great part of the year. The progress of settlement has been governed by these topographic features. Following 
on the hunters and trappers who first explored these regions came the wandering stock men, who settled on the 
bottom lands in the valleys of the western i)art of the state. The slow natural transition from pastoral industries 
to the tilling of the soil was soon broken by discoveries of precious metals among the mountains, and in the rush 
to the mines agriculture and st^)ck raising became of little relative imi>ortance. The necessity, however, of suppliesL 
for the mining camps soon encouraged the growth of agriculture and stimulated it to a development far in <*xces8 
of that which would have taken place in the ordinarily slow growth of a farming comnmnity. 

The ease with which water could be brought upon the land and the favorable location of mines, furnishing 
a market for the sale of produce, have caused western Montana, indirectly because of its mountains, to be the 
most thickly settled and well cultivated part of the state, while the eastern plain or prairie region, with its 
almost boundless extent of fertile soil and its great rivers, the Missouri and Yellowstone, is still thinly 
settled. The area irrigated by large canals is comparatively small, and by far the greater jiart of the irrigation 
of the state is done by means of small ditches taken from the rivers each to cover one or two ranches. Deducting 
the acreage covered by the few great canal systems of the state, it has been found that on an average there is 
an independent <litch for every 225 acres of crops. This figure gives some conception of the dififtculties to be 
encountered in attempting any systematic division of the waters, for in cases of controversy the exact status of' 
each of these little ditches must be ascertained in its relation to the whole water supply and to the claims of all 
other ditches taking water from the same source. 

Throughout Montana, as a rule, the construction of the ditches and irrigating works has been of the most 
temporary character, although there are a few notable canals well planned and built at great exi)en8e. Most 
of the irrigated area, however, is covered by ditches dug by the farmers without preliminary survey. Many 
even have been merely plowed out, the water then washing its own channel. The streams arc diverted into the 
head of the ditches usually by temi)orary obstructions of brush, logs, rocks, and earth, replaced after each 
freshet. In other cases the bed of the canal is made so low that the water will flow in without diverting dams. 
In some cases, where the fall of the ground is not sufficiently great to allow of bringing the water out of 
the river at all times, the so-called high water ditches have been built, receiving water only in times of flood, 
the bottom of the ditch being above the low water level of the river. In this way a large quantity of water is 
taken during the spring, and the ground is thoroughly saturated, so that one crop of forage is assured. This 
irrigation is of the most crude character, but the resources of the irrigators have not been such that they can 
improve upon it. 

METHODS OF IRRIGATING. 

The various forage croi)S are usually flooded; the small grains are irrigated by systems of little furrows, while 
corn, potatoes, and other vegetables are wet by allowing the water to flow between the hills or beds. In applying 
the water to the soil it is generally the custom to use a stream flowing at the rate of about 80 to 100 miner's inches, 
or approximately 2 second-feet. With a less quantity of water a greater time is recjuired in watering the crop, 
and the stream travels so slowly fiom point to point that a large part is lost on the way. On the other hand, by 
attempting to use a much greater amount, the land is badly washed in places or an excess of water is applied. 
Hny and meadow lands are irrigated from early spring until late in the fall. Wheat, rye, and barley are generally 
irrigated but once during the season, unless it is unusually dry. Potatoes are irrigated once or twice, and other 
vegetables may be watered every 10 days or 2 weeks. Oats generally receive two irrigations. 



160 IRRIGATION. 

The time required for the irrigation of a field varies with all these details, and perhaps in no one item does 
individual peculiarity stand out more ]irominentIy. One man turns out upon his ground as much water as he can 
procure and leaves it even for a day or more at a time, while another whose experience has perhaps been different, 
or whose soil requires special treatment, carefully conducts the water from point to point, and continually opens or 
closes his small earth dams. 

The time of the year during which irrigation is practiced is also accountable for some diversity of method. 
In general the water is used from the time the rivers begin to rise to the freezing of the water in the fall. In time 
of flood, however, some of the irrigators turn all the water possible upon the higher lands in order to saturate 
them and jjroduce an early crop of alfalfa. This is especially the case with those irrigators who have only the 
right to an excess of water, for it is essential to employ it at the time it is available, and they hojie by the aid of 
fortunate rains to produce an early crop. Many of the older farmers who feel secure in their water rights do not 
employ irrigation until the appearance of the crof shows it to be absolutely necessary. Others use water 
throughout the year, flooding meadow lands, and employing it at various times on the difterent crops. Thus the 
number of waterings can not be reduced to any definite statement. 

Owing to the scarcity of water it is customary in many localities to irrigate only a portion of a farm during 
any one year. For example, a farmer having 100 acres may use the water only on 50 acres and let the remainder 
lie fallow, and the next year use the water on the fallow land of the year before. A greater yield per acre is 
claimed as the result of this alternation. This method introduces some collision m any statistical investigation, 
for, on the one hand, the farmer has 100 acres under irrigation, and yet, owing to the scarcity of water, he is not 
able to irrigate more than half of it in any one year, and perhaps in years of drought, as in 1889, can not produce 
a crop on more than one-third or one-fourth of the total. 

WATER CONTROL. 

Up to the present time the control of the water for the greater part of the irrigated area has been in the 
hands of the irrigators themselves. They have built and now own and manage the means of distributing the 
water, but there now remain few opportunities for the construction, of small ditches. More difficult engineering 
feats must be attempted, requiring larger capital, and canals must be built by outside aid. The ditches built by 
cori)orations are as a rule more expensive than those dug by the farmers, since they usually cover areas more 
difficult of access. The first cost of water is thus greater, and the annual charge for bringing water to the land 
must necessarily be larger than that estimated as the present average cost. The charges of water companies 
range from $1 to $2.50 per year i)er acre, while the farmers estimate that on an average the annual cost to them 
is only 95 cents per acre. This charge of the water company is usually a burden to the irrigator, and he is 
inclined to look ui)on canal companies in general as extortioners and the rates asked as exorbitant, although as a 
matter of fact these may not yield a fair interest on the investment. 

Some of the larger irrigation schemes have been of a decidedly speculative character, being stocked for a 
large sum with only a small amount actually paid m or expended on work. A claim is usually filed for all the 
water in the river, the amount being oft-en in excess of the total discharge of the stream, the object apparently 
being to sell the franchises of the company at an early stage to other parties or to disi)ose of the stock. The 
present condition of irrigation development and of the control of the waters of the state is by no means satisfactory 
to the farmers, and most of them look forward to improvements in methods of irrigation and in legislation. As 
the matter now stands, the additional area annually brought under irrigation is rapidly increasing, in spite of the 
fact that along nearly all the smaller streams the present area under ditch is in excess of the amount that can be 
successfully watered in such years as 1889 and 1890. On the one hand the older settlers, those who legally should 
have prior right to the water to the extent of their original appropriation, complain that in si)ite of their legal 
rights the later comers are taking water at points farther up the stream, where it can be diverted more easily, 
and that by this rapid encroachment they themselves are being brought almost to the verge of famine. They can 
no longer obtain water in times of scarcity, and consequently their lands have little value, and for every new 
ranch higher up the stream one or more old ranches must sufll'er. 

On the other hand, those who have come into the country at a later date and who have pushed farther up the 
rivers, who have miule for themselves homes and have invested all their capital and labor in irrigating their 
lands, assert that the owners of prior rights have no consideration for others; that these old settlers will, if they 
can, take all the water in the stream regardless of others, and often use it carelessly or even waste it, while 
others are in want; or that during the drought of summer it is useless to let the water run in the bed of the 
stream beyond their own ditches, as before the slender stream can reach the heads of the ditches farther down the 
valley the entire amount either sinks or is evaporated, and therefore, since the owners of prior rights can not be 
benefited, those who can use the water should be allowed to do so. 

These complaints form the two extremes, and between them are innumerable cases with every shade of right 
and wrong involved. The consequence is that during every period of drought there are conflicts arising over the 
proper distribution of the water. Resort to the ordinary courts of law often yields but little satisfaction, for the 
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delays appear interminable, and even when a decision is reached, yet not being based upon actual and continuous 
measurements of the water available find on other engineering details, it is often of little practical value, from the 
fact than in many instances more water is awarded than actually exists, or new circumstances may have arisen 
entirely obviating the jwints passed upon. The great necessity is felt for immediate definite judgments based 
upon an accurate knowledge of the amount of water available and the demands upon it. Great interest is felt in 
the practical operations of the Wyoming laws in this matter. 

ARTESIAN WELLS. 

The principal group of flowing wells in the state are those in the vicinity of Miles city, Custer county. These 
are from 18() to 600 feet in depth, the largest amount of water being obtained, it is stated, about 170 feet below 
the surface. Several of the deep wells in this vicinity do not flow, but water is raised to the surface by means of 
windmills. Flowing wells are also found not far from Albright, 35 miles west of Miles city. The wells discharge 
from 5 to 200 gallons a minute of water suitable for household purposes and for cattle. Little if any is used 
for irrigation, as the quantity from most of the wells is very small. In one or two instances it is reported 
that the flow has diminished since the well was completed. At Billings, in Yellowstone county, a well about 1,000 
feet deep has been drilled, but flowing water was not obtained. 

At Dillon, in Beaverhead county, a well has been drilled to the depth of 470 feet, penetrating gravel of a 
thickness of 250 feet, and below this alternations of clay, sand, and gravel. Several of these latter layers were 
charged with water, and when drilling ceased the water had risen to within 15 feet of the surface of the ground. 
This well was made in 1880, at a cost of $1,750. 

North of Helena, in Lewis and Clarke county, a well was drilled to the depth of 521 feet, at a cost of 83,130, 
but without success so far as flowhig water was concerned. Water is now pumped by means of a windmill, which, 
it is estimated, will irrigate an acre of ground. Another well, in Helena, was drilled to the depth of 1,000 feet. 
This well also does not flow, but water was found at 100 feet from the surface. In Cascade (county, near Great 
Falls, are several deep wells. One of these, at a depth of 160 feet, is reported to discharge at the rate of 6 gallons 
per minute. 

CJOT^DITION OF lUEIGATION IN EA(5H COUNTY. 
NUMBER OF IRRIGATORS, AREA IRRIGATED, FARMS, AND CROPS IN EACH COUNTY IN MONTANA IN 1889. 
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82 

67 

107 

44 
60 
80 
92 



385 
211 
260 
393 
68 

518 
443 
.'i87 
203 
322 

.387 
318 
7.'>7 
453 
83 
215 



8.27 
2.41 
5.48 
7.40 
3.31 

3.42 
12.61 
9 40 
3.37 
1.08 

8. 25 
0. 70 
5. 25 
6.58 
0.35 
10.41 



76.36 
:m. 60 
15.00 
15.27 
17.65 



90.73 
56.66 
73. 04 
90. 64 
71.74 



89. 
HI. 



15 
76 



66.58 
72.85 
90 30 
<»;. 98 



6.32 
0.83 
0.82 
1.13 
0.58 

3.10 
7.14 
6.95 
3.05 
1.21 

7.35 
5.47 
3.49 
4.80 
0. 32 
0.97 



2. 088. 000 
1,664.000 

17.459,200 
17,011,200 
17. 075. 200 

3. 254, 400 

4. .327. 680 
1,468.800 
l,184.0rK) 
1, 664. 000 

2, 720, 000 
4, 480. 000 
11.8"2.000 
3, 557. 120 
5S5. 600 
l,l»87.20O 



181.371 

120, 988 

65.060 

78, 421 

10, 706 

195, 002 
166,944 
200.367 
69. 018 
101.321 

152,430 
225, 980 
155. 823 
167. 917 
21.620 
51.223 



53.45 i| 
21.17 ' 
16. .'»7 1 1 
25.70 
25.70 

63.78 
42.25 • 
63.52 , 
5.-). 24 i' 
47.07 

58.91 
35.20 I 
54.87 
31.22 I 
38.58 
69.66 I 



77,162 

4.745 
1.791) 

616 
1.124 

254 

11.557 
4.659 

21,171 
1.031 
2, 342 

8.074 
7.384 
8. 029 
2. 229 
397 
1,751 



o 59*2 



5.">7 
16 
30 

134 



88 

30 

233 

1* r 

98 

785 ' 
26 I 

115 I 

156 , 
13 ! 

227 I 



0.38 . 17.85 



1.50 
0. 27 
0.02 
0.03 
0. 00 

l..'i7 
0.70 
3. :9 
1.28 
0. 93 

1.35 
0.88 
0.19 
0. .'■.5 
1.02 
0.66 



23. 40 
3.65 
4. :'.o 
5.49 
1.81 

26. 13 
IS. 21 
2:1.41 
21.80 
ITy. 24 

i 
24. 15 
17.40 ' 
14.38 
11.75 
27.60 
25.75 



Per 
cent of 

land 
owned 
by irri- 
gator.H. 



23. 05 

25. 59 
15.22 
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a IncludcH owned and hired farms, lussumin"; one farmer to o:\e\i. 



Beaverhead county is in soutliwestcrn Montana, partially inclosed by a looj) in the continental divide 
which bounds the county on the north, west, and south. The altitude is great, the lowest part of the county 
being nearly 5,000 feet abov e sea level, while the mountain summits rise to heights of from 10,000 to 11,000 feet. 
The i)rincipal crop, indeed the only important one, is Imy, which is grown along the streams wherever water 
can be brought out upon the land. Irrigation is essential, except in the case of a few small areas wet by the 
annual overflow of the rivers. The early settlers on entering the valleys of this county found good hay produced 
in abundance by this natural irrigation along the Beaverhead river and tributary streams. Annually, until 1889, 
this crop has been good, but in that year of unusual drought the natural hay was almost an entire failure. 

The Bighole river rises in the western part of the county and flows northerly, then turns to the east and 
south, forming in the lower part of its course the northeastern bouTidary of the county. The discharge of the 
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Bigbole on September 8, 1889, at Melrose, was only 60 seconcj^'fieet. Along this river and it« various tributaries 
are many stock ranches where hay is raised, but in general the altitude is too great for other crops. In irrigating 
the hay great quantities of water are used. On many ranches it is customary to turn the water on the fields and 
let it run for two days or more at one place, and then change to another part of the land, the water finding its way 
to various portions of the field according to the slope of the ground. By watering the bench land at frequent 
intervals for a period of about three years, good hay land is made without seeding or plowing. Along the 
Beaverhead river is a succession of valleys, with broad fertile lands, but with an exceedingly scanty water supply. 
The uppermost and most southern of these valleys, known as Ceiiteunial valley, lies in Madison county. It is 
about 40 miles long by 2 to 3 miles wide. From this valley Redrock creek flows through a short canyon and 
enters Redrock valley, about 25 miles long and 2.5 miles wide. North of this comes in turn Beaverhead valley. 
The creek has been gauged at a point near Redrock, and from these measurements computations of the 
discharge for 1890 have been made, showing an average flow for the year of 148 second-feet, the minimum being 
40 second-feet and the maximum 675 second-feet. 

On April 10, 1890, when Redrock creek should have been carrying a considerable volume of water, it was 
almost dry at a point 6 miles above Redrock, while below a number of springs added a small amount to the stream. 
At the same time the Horse Prairie and Grasshopper creeks were flowing a small volume, sufficient to add 
appreciably to the discharge of the Beaverhead. The upper valleys of these and other tributaries of the 
Beaverhead are in general broad, situated at comparatively low elevations, and containing an amount of arable 
land so great that there is some question wliether the whole area can be irrigated even by storing the water, 
more especially as the water duty in these valleys is very low on account of the open character of the soil. 

The principal towns of the county are along the Beaverhead river, which is formed by the junction of Redrock 
and Horse Prairie creeks. Along the valleys are many ranches, and although but a small proportion of the land is 
under crop, yet already there is often a general loss from lack of water. On September 9, 1889, this stream, at 
Dillon, was flowing at the rate of 75 second-feet. There is an ample supply for the present acreage during the 
spring and early summer, at the time when the crops need little or no irrigation, but later in the season, when 
the long continued dry weather prevails and the crops are withering, the streams diminish so that there is not 
sufticient water for all claimants, as may be inferred by the above measurement. At such times the absence of 
efficient regulation creates endless litigation and consequent poverty and distress among the farmers, many of 
whom mortgage their farms in order to raise money to defend their water rights, without which their land is 
valueless. In the higher valleys alfalfa is reported to be nnsuc<.»e8sful, but timothy, redtop, and other grasses, as 
well as white clover, oats, wheat, and potatoes, are profitably cultivated. 

Cascade county is comparatively small, lying along the Missouri river a little to the northeast of the center 
of the state, and including the lower part of the valley of the Sun river. These rivers flow through broad, high 
plains or *' bench lands," into which they have cut comparatively narrow valleys, which, however, widen in places 
to a breadth of several miles. Southeast of the Missouri river the county extends to the peaks of the Big Belt 
and Little Belt mountains, and thus contains many streams convenient for irrigating purposes. The gi'eater part of 
the irrigation in the county is accomplished from these small streams, the use of the waters of the Missouri river 
not being always practicable or successful. A small amount of land is cultivated by water from this great river, 
and this area could be increased enormously by the construction of a large, well planned irrigating canal. The 
lower lands along the Missouri are overflowed usually in June, and some hay is raised by natural irrigation. 

On the bottom lands throughout this county there is usually sufficient moisture to cause grain and vegetables 
to sprout and attain considerable size, but the latter part of July is generally hot and dry, and all crops then 
require the artificial application of water at least once. Along the foot of the Belt mountains the country is 
broken, but the small, narrow bottoms are cultivated by taking the water from the springs or small streams. The 
principal agricultural areas of the county are in Chestnut valley, a broad opening along the southeastern side of 
the Missouri, extending down to Smith river, and in the valley of Suti river. The amount of water in this latter 
stream has been measured at a i)oint about IS miles above the town of Augusta, being thus above irrigating 
ditches. Gaugings were begun on August 5, 1889, and continued through 1890, the results showing an average 
discharge of 715 second-feet for 1890, the minimum being IGO second-feet and the maximum 4,035 second-feet from 
a drainage area of 1,175 square miles. 
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DISCHARGE OF SUN RIVER ABOVE AUGUSTA, MONTANA. 

(Drainace area, 1,175 square miles.) 
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There are several large eauals in the Sun river valley, of which the two following may be mentioned: the Sun 
river ditch takes water from the north side of the Sun river 2 miles above the town of the same name. The ditch 
is 14 miles long by about 8 feet wide, and it cost approximately $14,000. It is owned by an association of ranchmen, 
who claim to have a supply ample for all their needs. The annual cost of the water is about 25 cents pei: acre.^^ 
The Crown Butte^anal takes water from the south side of the Sun river and carries it easterly for about Seniles. 
The average width Is 19 feet, depth 3.5 feet, and discharge about 200 second-feet, and its cost was about 960^000^ 
It is proposed to construct a system of reservoirs sufficient to supply water during times of scarcity. In the 
Chestnut valley a canal has been built taking water out on the east side of the Missouri, but it is reported that on 
account of engineering defects this canal is not entirely successful in delivering a sufficient supply of water, although 
the amount in the river is many times what is required. 

Choteau county embraces an immense area of elevated plains adjoining the British possessions, it extends 
from the continental divide eastward over the high plains along and across the Missouri river to Dawson county 
on the east. Numerous streams issue from the high mountains forming the western border of the county and flow 
in deep channels easterly down the slope of the plains to join the Missouri. The principal of these rivers are the 
Marias, Teton, and Sun, the last named forming for a portion of it^ course the southern boundary of the county. 
The Missouri river flows into the county from Cascade county on the south, and then pursues a general easterly 
course. This river, as well as it tribuUiries, has cut deep into the plain, so that the streams now flow at a depth 
of several hundred feet below the surface of the country, rendering it exceedingly difficult, if not impossible, to take 
the water from the main streams out upon the bordering bench lands. Milk river flows easterly through the 
northern part of the county, receiving waters from the hills and the high plains or bench lands dear the border 
between the United States and the British possessions, and finally emptying into the Missouri river in Dawson 
county. Between Milk river and the Missouri are short ranges of mountains rising 2,000 feet or more above the 
plains. The streams flowing in all directions from these mountains have already been used to a small extent for 
irrigation. 

The general altitude of the county is trom 3,000 to 4,000 feet, the plains rising rapidly on approaching the 
mountains, and finally reaching an elevation of nearly 5,000 teet. Cattle range over these great tracts of gently 
rolling land, finding an abundance of summer feed, for in most years there is sufficient rainfall to insure good 
forage, and occasionally even to mature a crop of cereals. Without irrigation, however, no crop is safe in this 
county, and attempts at dry farming result in disaster. 

The county is very thinly inhabited, the principal towns being along the Missouri river from Great Falls to 
Fort Benton or on the Sun and Teton rivers. The northern part of the county has until lately been held as an 
Indian reservation, and this immense body of agricultural land is being rapidly taken up. In the Milk River 
valley especially the fertile lands now thrown open offer inducements to settlers. This valley is reported to be 3 
miles or more in width, and to possess large areas of rich soil. The water supply is probably not sufficient under 
present circumstances for the irrigation of more than a small percentage of the land, since the drainage basin 
of the river embraces but a relatively small area of high mountains and furnishes little water after the early spring 
freshets, the river becoming almost insignificant in size. At times it is a great torrent overflowing the banks, or 
appears as an inland lake many miles in width. 
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Ou the bead waters of the Marias river a little irrigation is practiced, Jind along the Teton river to the south 
of this nearly every ranch has an irrigating ditch, all the water being claimed. A measurement of the quantity of 
water in this stream at Choteau, where the area drained is about 900 square miles, showed on August 7, 1889, 
only 26 second feet. A large irrigating system has been projected and a canal partly constructed to take 
water from this river, and by the use of various storage basins, notably Benton lake, it is proposed to cover almost 
incredible areas of rich table lands. Along the Sun river, which separates this county from Lewis and Clarke 
county and then flows through Cascade county, are several large canals which furnish water to lands lying in 
these counties, but the unregulated flow of the river is not sufficient to fill all these canals during the latter part 
of the summer and storage systems are projected. 

South of the Missouri river are a number of streams which flow from the Ilighwood and Little Belt mountains 
to the south. Along all of these streams irrigation has been developed and as much land brought under irrigation 
as can be supplied in favorable years. In the drought of 1889 and 1890, when the streams were low, large acreages 
of crops were destroyed, and the farmers report that the value of the crops lost would have paid for storage systems 
on many of these streams. Along the Missouri, at various points where the land is too high for irrigation by 
ditches, it has been proposed to lift water by means of pumps driven by windmillls or other means. 

Custer county is in the southeastern corner of Montana, adjacent to the Dakotas and Wyoming. On the 
northwest it extends across the Yellowstone river and to or even over the divide between the drainage of that 
stream and of the Missouri river, thus including immense tracts of nearly level plains. The general altitude of the 
agricultural lands is from 2,200 to 4,000 feet, and the temperature is favorable for maturing the cereals. Stock 
raising is the principal industry, although the large extent of arable lands and the generally favorable character 
of the water supply promise a great development of agriculture in the future. 

The county as a whole lies in the Great Plains region, the nearest large mountains being the Bighorn range 
to the southwest in Wyoming, and next to these in importance the Black Hills, which lie to the southeast, mainly 
in South Dakota. Streams from these mountains enter the county on the southern border, the principal of these 
being the Tongue, Powder, and Little Missouri rivers. The first named, rising in the high mountains and flowing 
but a short distance before entering the county, furnishes the best perennial supply of water. A number of canals 
or ditches have been built, the most notable being the canal above Miles city. The bottom lands along the streams 
are in general narrow and so irregular tbat long ditches are almost impracticable. The discharge of Tongue river 
on October C, 1889, was 200 second-feet, the area drained being 3,785 scjuare miles. 

In the valley of the Rosebud, west of the Tongue river, the summer water supply is not sufficient to fill the ditches 
already constructed, since this stream does not rise in the high mountains. In the valleys east of the Powder 
river the water supply is irregular, and is in general insufficient during the latter part of the crop season, for on 
account of the distance from the mountains much of the water disappears before entering the county from the 
south. Along the Little Missouri, farther to the east, the supply is even more scanty, this river rising in the 
Black Hills, the altitude of which is not suflicient to cause the water to flow perennially. This valley is thinly 
settled, and there may be said to be no irrigation carried on at present, the high banks of the stream and the 
irregularity of the water supply rendering canal construction expensive and a matter to be entered upon with 
great care. There are excellent storage facilities, and the large extent of arable land and the possibilities of 
holding flood water will tempt capitalists to construct efficient irrigating systems. 

On both sides of the Yellowstone river in the northern part of the county and along the tributaries entering 
from the north and scmth are extensive tracts of fertile land adapted for agriculture in every respect save that of 
moisture. Thfs land is at present used principally for grazing, since crops can not be raised upon it with any 
certainty without irrigation. There is an ample supply of water in the Yellowstone river, and at many i>oints the 
fall of the river is sufficient to allow canals to be taken out, covering long stretches of bottom land. The great 
expense involved has up to the present time deterred the inhabitants and owners of arable land from building 
canals. Irrigation is carried on in a very small way by utilizing the little streams entering the valleys from the 
sides and by damming the ravines and holding rain water for short periods. In the valley of the Rosebud and 
farther down along the Yellowstone, where ditches are too costly for private enterprise, steam pumps have been 
tried and are reported to be successful in raising water sufficient for small areas. Work of this character, however, 
has not been carried on for a length of time sutticicMit to demonstrate the financial success of agriculture under 
these conditions. 

By the constructitm of canals from the Yellowstone and Tongue rivers a great part of the low lands along these 
streams can be reclaimed, but it will not be possible to cover in this way all the fertile lands, since the greater part 
of these lie too high. Some of this latter land can be irrigated by means of storage systems in the higher rolling 
or hilly country, and in a few instances small storage reservoirs have already been built. Springs and to a small 
extent artesian wells are used to irrigate gardens and trees in the lower lands. The Miles City ditch now being 
constructed is the largest irrigation enterprise in this county. It is to take water from the Tongue river and 
carry it down on the east side of the stream to within about 2 miles of the Yellowstone, where it turns and follows 
the general course of that stream. Twenty miles have been built, and the total length of the ditch when completed 
will be 28 miles. The width is 10 feet, the carrying capacity about 00 seccmd-feet, and the cost reported upward 
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of $100,000. The water in the Tongue river is to be raised by a permanent dam 320 feet in length to a height 7 
feet above low water. 

Dawson county is in the northeastern corner of Montana, adjoining the Dominion of Canada on the north 
and the state of North Dakota on the east. The two counties of Custer and Dawson occupy the entire eastern end 
of the state of Montana, and are similar in many respects, both lying within the Great Plains region, and their 
surfaee in a general way being level. The Missouri river, which crosses the county from west to east, and the 
Yellowstone, which flows through the southeastern corner, as well as the tributaries of both of these streams, have 
carved channels below the general level of the country, so that the surfa(*e of the plain, although at a distance 
apparently level or but slightly undulating, is in reality often rough and broken. 

The soil is very fertile, but there is not sufficient rainfall to support grains and vegetables in all seasons. 
Occasionally small crops of corn, millet, iwtatoes, and vegetables are obtained without irrigation, especially in the 
narrow bottom lands along the perennial streams, but these crops can not be depended upon. The greater part of 
the arable land lies so high that river water can not be taken out upon it, but there are narrow strips of bottom 
land, especially along the Yellowstone, as in Custer county, to which canals can be built. This river and the 
Missouri furnish an ample supply of water at all times, the discharge of each probably not falling below 5,000 
second-feet. The small streams generally become dry during the summer. 

What little irrigation is done in this county is carried on by water from springs, since it has been found too 
expensive, with the limited means of the present inhabitants, to take water from the large perennial rivers. A 
larger acreage could be irrigated by indi\iduals by the construction of small storage reservoiis, but comprehensive 
irrigation systems can only be entered upon by organizations having ample capital. The principal industry is 
grazing, the greater part of the grain and other farm produce needed by the inhabitants being brought in from 
other localities. The settlements are mainly in the eastern end of the county along the Yellowstone, where the 
altitude is 2,000 feet or upward. 

Deerlodge county is in western Montana, west of the continental divide, and thus includes a portion of the 
headwaters of tributaries of Clarke fork of the Columbia. Mining is the principal industry, although agriculture 
is of rapidly growing importance, as the mining towns furnish good markets for all products. Nothing, however, 
can be raised without irrigation, and, as in other places where two classes of industry both depend for their 
success nyou the use of water the supply of which is limited, there is often friction between the irrigator and the 
miner or mill owner. The farmers assert that the powerful corporations needing water for their mills or mines take 
it in spite of prior rights, or load the streams with debris, filling the ditches or ruining the land, and that it is 
impossible to secure redress. 

The principal agricultural land is in the Deerlodge valley, lying at an altitude of from 4,300 to 5,000 feet, this 
valley being among the richest and best developed valleys in Montana. It is in all about 40 miles long and from 
1 mile to 5 miles wide, having a rich and highly productive soil, but one which contains, especially in the lower 
lands, considerable alkali, requiring a very careful use of the water to prevent the formation of an alkaline crust 
upon the surface. Deerlodge creek, which rises in Silverbow county, runs northerly through this valley, and its 
waters are diverted, especially near the head, by many irrigating ditches. The larger part of the irrigation is 
done by water from creeks which flow into the Deerlodge valley both from the east and the west. Along each 
of these streams many ditches are taken out, each ditch supplying water for one or two ranches. In nearly every 
instance the irrigators state that there is often scarcity of water. They also state that at the head of many of the 
creeks are small lakes, which probably can be increased in area and capacity, and there are also basins needing 
only the construction of short dams to be converted into reservoirs. Individuals have already demonstrated the 
success of storage for irrigation, and there is now a demand for some general system. 

Besides the Deerlodge valley, there are several others of importance in agriculture or stock raising. To the 
west is Flint Creek valley, in which, besides mining, stock raising is an im^wrtant industry, the most notable 
crops being those raised for forage. The water is said to be all appropriate<l, none being available for late settlers, 
unless possibly by storage. Toward the northern part of the county, on both sides of Nevada creek and the Big 
Blackfoot, are thousands of acres of good land without water. The water supply of the Big Blaekfoot is large, 
but expensive canals will be required in order to use it to the best advantage. Along these streams and along the 
Little Blackfoot, which joins Deerlodge creek, are extensive irrigated areas, farming being everywhere successful 
on account of the nmrkets afforded by mining settlements. The Little Blackfoot valley is over 20 miles long and 
a mile or more in width, containing extensive area« of fine land, the soil of which is a rich sandy loam, hay, 
however, b^ing at present the principal crop. The Little Blackfoot river in the latter part of April, 1890, when in 
flood, was carrying about 150 second-feet. 

Fergus county lies nearly in the center of Montana, being between the Missouri and Yellowstone rivers, 
although not bordering upon either of them. The county extends from the plains region on the east, and includes 
on the west a part of the first ranges of the Rocky mountains. Its location, therefore, is favorable to the 
development of agriculture bj' irrigation, since it contains extensive tracts of farming land immediately adjacent 
to elevated catchment areas. The county is divided into two topographic basins, that of the Judith river on the 
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northwest and that of the tributaries of the Masseishell on the south and ejist. The melting snow from the lofty 
ranges gives rise to many small streams, which finally unite into one or the other of these two drainage systems. 
The county is comparatively well watered, containing as it does a large number of creeks, each of which can be 
easily and cheaply used for irrigation. There are thus many small ditches owned by individuals and few, if any, 
corporations or associations of irrigators. 

The drainage basin of the Judith river is partially surrounded by high mountains, upon the slopes of which is 
excellent summer grazing. Kauchmen have taken up a great part of the land along the streams, and have 
constructed small irrigating ditches for the purpose of raising winter feed. The majority of the farmers had little 
means and the ditches were built in the cheapest possible manner as temporary expedients. Greater economy of 
water would be attained by the construction of one well made canal to take the place of a number of these small 
ditches. Already on many of the tributaries of the Judith river more ditches have been constructed than C/an be 
supplied with water during a part of the crop season, and thus the irrigators on the lower parts of these streams 
have been unable to obtain sufiicient water to save their crops. The discharge of the Judith river itself during the 
summer is very small, from the fact that many of the mountain streams are evaporated from the sandy channels 
or are entirely used in irrigation. 

Land is still being brought under cultivation by new settlers, although the water rights of the older inhabitants 
remain unprotected, and apparently a condition of affairs will ensue in which the irrigator at the head waters will 
be the only one who can be sure of his crops. The snow melts rapidly on the lower summits and flows away in 
May and June, the streams becoming very small in July and August, so that it will be necessary to store the water 
which is not needed in the spring for a few weeks only. During years of unusual rainfall crops are raised in the 
Judith basin without irrigation. For example, in 1887 and 1888 large crops of cereals were raised in a few instances 
in this manner. In 1889, however, nearly all the crops on unirrigated land were lost, and owing to the scarcity of 
water in the streams the yield on lands under ditch was in many cases small. In 1890 also the snows were light 
and the results were disappointing. Many of the ranches were taken up originally after years of abundant rainfall, 
when the old grass was thick and heavy, and there was every indication that crops could be raised without the 
artificial application of water. Along the streams which flow east into the Musselshell the conditions are in most 
respects similar to those prevailing in the Judith basin. Ranches are scattered along the streams, and small 
ditches have been taken out by the respective owners. There is apparently plenty of water near the foot of the 
mountains, and at those points grain occasionally matures without irrigation. Farther down the stream, however, 
there is often not sufficient water for one-half of the ditches constructed. 

Gallatin county is in southern Montana and covers the drainage basin of the Gallatin river from its 
head waters in the Yellowstone national park. The county is long and narrow, stretching from the continental 
divide northerly to the Missouri river, along which it extends for nearly 10 miles. It thus includes in its northern 
end the Gallatin valley, which at the present time is probably the finest area of agricultural land in the state. 
This valley, the altitude of which ranges from 4,000 to 5,000 feet, is bounded on the east by the Gallatin and Bridger 
ranges, from which flow numerous streams to form the East Gallatin river. The main stre^im, or West Gallatin, 
traverses the valley, as also does the Madison farther to the west. These, uniting with the JeflTerson, which comes 
in from the southwest, form tiie Missouri, the junction being known as the Three Forks. 

Irrigating ditches and canals are taken from all these streams and also from their tributaries, the water supply 
being excellent. The smaller streams offer especial facilities for the construction of ditches by individual farmers, 
so that agriculture has progressed rapidly and successfully along their valleys. In the Gallatin valley itself, and 
upon the bench lands to the west, the large extent of comparatively level land and the abundant perennial supply 
of water in the rivers ofter inducements for the construction of large irrigating systems. In spite of the magnificent 
resources of the county, development has not been in all instances satisfactory, from the fact that it has not been 
governed by efficient and systematic regulations. The first settlers claim that they are being deprived of water 
by persons who have no legal right to it, but who by their location neai' the sources of supply are able to readily 
secure the flow of the stream, while, on the other hand, the owners of secondary rights, who are generally in the 
majority, accuse the old settlers of taking more than a proper share of the water and employing it in a wasteful 
manner. Among the foothills in seasons when the ground is kept moist by snow, excellent crops of winter wheat 
are occasionally raised without irrigation, but crops planted in the spring are not successful in this way, except in 
the case of some of the old ranches on the lowest grounds along the river, where the soil is kept moist by seepage. 
The same land has been cultivated year after year without apparent diminution of fertility, although some farmers 
find that the best results are obtained by letting the fields lie fallow occasionally, as this kills many of the weeds 
and increases the subsequent crop. 

Along the streams which flow into the East Gallatin river are no large canals or corporations selling water, and 
the ditches are mainly cx^ntrolled by individuals. In many cases the whole of the water is claimed, and in the 
drought of 1889 and 1890 large areas of (aops were lost. The necessity of reservoiring some of the surplus water 
was felt and several projects were organized for the puri)ose of building storage works. The water supply from 
the West Gallatin, however, was large, and the necessity of water storage along that stream has not been 



MONTANA. 167 

apparent. .Measurements of tUe AiscliarijfQ of West Oiillatin river were made at a point {») in tlic uioutti nf the 
oaoyou a few liuuilred feet below Spaaish eieok, this being about 20 miles southwesterly from Bo/.einaii. 
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A large number of ditches and several canals of notable size depend ai>on the West Gallatin for their water 
supply. The more important of these are the works of the Gallatin Canal Company, the West Gallatin Irrigation 
Company, and the Excelsior Canal Company. TheJWest^Gallatiu canal heads at a point about 3 miles above 
Salesville and following the contours, which are exceedingly irregular, gradually leaves the river and^nally turns 
toward the west, covering lands from ID to 15 miles west of Bozeman. The length is aboul>j24 miles^nd the 
width varies from 24 feet on bottom near the head to 14 leet on bottom near the end. Along the course are several 
flumes and one tunnel through the spur of a hill. 

The Gallatin canal heads on the east side of the river at a point about 2 miles below Spanish creek and caiTies 
the water out northeasterly toward Bozeman. The length of this canal is about 22 miles, its width 20 feet, and its 
ordinary carrying capacity from 75 to 100 second-feet and upward. The water is rented at the rate of $2 per 
miner's inch from June 10 to September 1, and it is estimatetl on the part of the company that 1 miner's inch will 
furnish water for 2 acres of small grain. X second canal, to cover some of the lands under this canal, has lately 
been built by farmers who thought they could secure a cheaper and more efficient supply from a source owned and 
controlled by themselves. This latter canal is about 12 miles long, 18 feet wide, and was begun in October, 1890, 
with the intention of using water in the succeeding year. 

Along the Madison are many ditches, covering mainly the lower lands. On the very lowest ground along the 
stream a little hay is cut on land not irrigated. On Willow creek and on the Jefterson bottoms are many ditches, 
but there is no comprehensive system of irrigation, and in the Willow Creek valley there is reported to be need of 
more water. In the extreme western end of the county are several canals taking water from the Jefferson river. 
Of these the Ixjwer and Upper Jefterson ditches may be mentioned, aggregating in all over 30 miles of main, 
lateral, and distributing ditches. 

Water is used from the latter part of April or the early part of May until October. The duty of the water 
is reported to be very low, one reason being that the ground watered has mainly been newly broken and more 
water is required than on land irrigated for several years. It is found that after the water has been used for a 
few years the suosoil becomes more compact and a smaller quantity of water will cover the same area of ground. 
At the same time the ditches become silted and do not lose so much water by setipage. As it is at present the 
ditch probably delivers only about two thirds of the quantity taken in at the head, but after allowing for this loss 
the irrigated ground during the season is probably covered to an aggregate depth of 24 inches, giving a water 
duty of 2 acre feet per acre. Between the Gallatin and Madison rivers is an extensive bench land of great fertility, 
which has afforded for years a most tempting opportunity for irrigation enterprise. Tlie general elevation, however, 
is great, and the edges of the ben(jh are deeply eroded, so that canal construction is expensive. By the employment 
of sufficient capital the engineering difficulties have already been to a large degree surmounte<l, but the greater 
part of the bench land, which is considered to be equal if not superior to the lower grounds, has not been touched 
on account of the expense of bringing water upon it. 

Jefferson county lies northwest of Gallatin county on the west side of the Missouri river, occupying a 
comparatively small area between it and the continental divide. On the south the county is bounded by the 
Jefterson river, one of the three great tributaries of the Missouri. The princii>al agricultural land is along the 
Jefferson and Missouri rivers, and in the valleys of the small tributaries which flow into these from the north and 
west. These lands are from 4,000 to 5,000 feet in altitude, and, especially along the large rivers, they have a climate 
favorable for the production of vegetables and fruits. Nothing is grown without irrigation, but the main 
dependence for water is not upon the large rivers, but upon the small mountain streams that flow from the high 
peaks of the divide. In a few instances water has been taken from the Jefterson and the Missouri, but the 
ditches are small and cover only the lowest laud, much of which is wet by the annual overflow. It is probable 
that a large canal system could be built, taking water from the Jefferson and carrying it to some of the higher 
bench lands. Owing to the prevailing drought and the scarcity of feed on the ranges the stock industry has 
rapidly do(;reased in value, the cattle having been driven t;0 other parts of the state. Agriculture, wherever 
water is to be had, is prosperous, largely due on account of the nearness of Helena, Butte, and other mining 
towns. 

Lewis and Clarke county is north of Jefferson county and lies east of the continental divide, occupying 
a comi)aratively narrow strip of country extending from the summits easterly toward and on the south to the 
Missouri river, which flows in a general northerly directicm along the continental divide and from 10 to 30 miles 
to the east of it. At about the center of the county the stream turns to the northeast, flowing through Cascade 
county, while the continental divide turns oft* toward the northwest nearly at right angles to the river, thus 
rapidly increasing the distance between the mountains and the streams, allowing space for the high plains to 
sweep around toward the south and rendering the tributaries of the Missouri longer. For example, beginning at 
the extreme north, in Choteau county, the Marias river is 150 or more nules in length and traverses a great width 
of the high jilains. The Teton, south of this, is shorter, and to the south, in turn, the Sun river, which forms a 
portion of the northern boundary of the county, is still shorter and traverses a less width of plain, but its length 
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is far greater than that of the Dearborn, still farther to the south, aud the last river of the series. South of this 
are many important streams, but their course is so brief that they are known as creeks. 

This comparatively narrow county, mainly a foothill region, is favorably situated for the development of 
irrigation. Along the western border are mountains, furnishing water for numerous streams, which, flowing 
toward the east, are soon lost in the Missouri. Each of these streams as it issues from its canyon is used for 
irrigation, the water being easily taken out upon the narrow bottom lands by means of small private ditches, the 
low water supply in general being used to such an extent that there is little, if any, water left in times of scarcity 
for the wider valleys to the east, nearer the Missouri. Ah)ng the JSuu river several ('anals have been built taking 
water to lands in this countv and to those in Cascade and Choteau counties. 

Along the Dearborn river are a number of ditches and one notable canal system diverting the waters of the 
north fork of the river before they leave the canyon. This is done by means of a dam of rock filled crib work 
bedded on the solid rock. The canal carries water a distance of 4.5 miles to Flat creek, down the channel of which 
it continues for 20 miles, covering, it is estimated, in this course over 2(),0(»0 acres of land, laterals being taken 
directly from the creek, the topography of the country being peculiarly favorable. Besides these laterals, other 
canals are taken from Flat creek, and are to be extended to cover the vast areas of arable lands lying in the 
direction of Great Falls. Suitable storage sites are to be utilized in order to insure i)ermanence of supply. The 
annual charge for water is reported to be 81 per acre. 

Besides the iirigation from these rivers and th(* creeks farther south, some land is watered by si)rings which 
issue among the foothills or in the lower valleys. There is an ample sui>ply of water near the mountains, lor here 
the arable land is limited in extent and the available water is at a maximum, irrigation, however, is nmking such 
rapid development that it seems probable that before long a scarcity must ensue even in the most favored spots. 
As the ranges are fenced in the stock men are compelled to raise more aud more feed for their cattle, thus greatly 
ncreasing the area of lands croi)ped. During the drought of 1889 and 1890 most of the irrigators suffered for lack 
of water, as the area of land under cultivaticm in many of the valleys was in excess of the available water. Under 
this condition of affairs it has often been found pra<-ticable to raise crops by securing a thonmgh saturation of the 
soil late in the fall or in the early spring, at times when the demand for water is less than in the croj) season. 
The ranchmen living along the foothills south of the Sun river realize that the only way in which the small level 
areas in this broken and hilly country can be reclaimed is by storing the water of small streams or ^'dry (!reeks'' 
f\s they are usually called, since they do not carry any water in summer. Several instances are reported where 
small storage reservoirs have been constructed and sufficient water has been saved to irrigate several ranches. 

Besides the large valleys along the Sun and Dearborn rivers there is in the southern part of the county a 
broad, fertile plain known as the Prickly Pear valley. The western side of this area is well cultivated, but there 
are thousands of acres of good laud to the west for which there is at present no water supply. Helena, the capital 
of the 8tate, is on the southwestern edge of this open country. The irrigating ditches are all small, being owned 
principally by individuals, (iood crops have sometimes been raised here without the application of water. The 
Missouri river is unfortunately too far below the general level to furnish any water from its abundant supply, but 
it is possible that some of its tributaries farther to the southwest may be diverte<l to cover a portion of this area. 

The Missouri river has bec^u measured at points within this county, the earliest series of gaugings being at 
Canyon Ferry, about 18 miles east of Helena. This location, however, was not found favorable and gaugings were 
continued at a i)<)int farther down the river, this being at Craig, about 30 miles north of Helena. Dearborn river 
was measured August 9, 1889, at Dearborn, where the drainage area is 350 square miles, and the discharge found 
to be 47 second-feet. A later measurement, on April 15, following, showed 37 second-feet, (a) 



a The resalts of the ineaHuremeuU are Hhown in the followinK tahleti: 



DISCUAKGE <JF MlSSOria UIVEK AT CAN VOX FERRY. MONTANA, 

t Draiunp- area. 15.030 square mileH.) 



MONTHS 



1889. 
Seiiteniher 
OctohcT — 
November 



I)IS( IIAR(iE IN SE( OND FEET 



Maxi- 
mum. 



*-'. (MO 

2. :iiG 

2,834 



Mini- 
mum. 



1,093 
2.040 
2.230 



Mean. 



ii 



BUN-OKK. 



I 



1,873 
2.230 
2,002 



Total for 

month in Second - 

aero- feet. Depth in feet per ' 
. inches. sqiinre 
mile. ' 



111,443 
137, 145 
148,860 



0.15 
0.18 
0.20 



0.12 
0. 15 
17 



170 
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Madison county is in the southwestern part of Montana, between Beaverhead and Gallatin counties. It 
extends from the continental divide on the south to the Jefferson river on the north, and includes the greater part 
of the course of the Madison river as well as a portion of that of tlio Jefferson. Between the high mountain 
ranges, which rise to elevations of 10,000 feet or over, are several broad valleys containing a large amount of 
excellent arable land, and supplied with water from the almost innumerable streams issuing from the different 
ranges. In these valleys agriculture has progressed rapidly by the aid of irrigation, the mountain streams being 
weU distributed and so located that individual farmers can easily dig ditches and bring the water upon their land. 
The Madison valley, lying in the western part of the county, is over 30 miles in length and in places 8 miles or 
over in width. The river of the same name flows northerly through the valley, carrying a considerable amount of 
water at all seasons of the year. The expense, however, of diverting water from this large river has been so great 
that individuals have in general been compelled to take water from the side streams, leaving the greater part of 
the water untcmched. The construction of large canals on each sid<* of this river may bring under iriigation 
enormous areas of the best land in the valley. The water supply of the valley is in general good, and compared 
with other parts of the county the (!omplaints of scarcity of water are few. 

The Madison river has hei^u measured at a point near Red Bluff, tlie gauging station being below the mouth of 
Hot Spring creek, at Ilayward bridge, {a) 



DISCHAROE OF MISSOFRI RIVER AT CRAKJ. MONTANA. 
(l>rainaj:o siren, 17.615 square milc8.) 



MONTHS. 



DISCHARGE l.V SECOXD-FEKT. 



Rl'VOKK. 



DISCHAROE IX .*ECOND-FEET. 






Maxi- 
mum. 



Mini- 
nmm. 



Mean. 



Total for 
month in 
acro-fcct. 



Depth in 
inchoH. 



Second- 

feet per 

Mquare 

mile. 



MOXTHS. 



Maxi- 
mum. 



Mini- 
mum. 



Mean. 



Total for 
month in 
acre-feet. 



RCX-OFF. 



Second- 
I>epth in feet per 
iucheH. aqiiare 
mile. 



18C0. 



January 

February 

March 

April 17 to 30 

May 

vvife. ........ 

July 

Au^st 

September . . . 

October 

November . . . 
Deceml)er 



Per annum . 
1801. 



ClOJ 


3,595 


12,500 


C,U0O 


ll;-*©© 


«.lt)0 


7,800 


2.GU 


2.505 


i,WO 


2.396 


1,960 


2.722 


1.742 


3,159 


2,723 


3,159 


1.742 


12. 500 


1.742 



*.3,000 I 
*3.0C0 ! 
*3.000 ! 
4.G62 
10, 472 
10,074 
5.020 I 
2,2:6 ''■ 
2,232 ; 
2,379 I 
2.868 
2,703 



184.500 
106,500 
184.500 
277,389 
644.030 
599. 401 
308,730 
136,284 
132.804 
146, 308 
170, 646 
169.024 



4.:J07 ' 3, 121,010 



January . 
February 
March . . . 



3,823 



1,742 



2,967 
3.500 
4,000 



I 



182,470 
215.250 
246.000 I 



0.20 
0.18 
0.20 
0.29 
0.68 
0.64 
0.33 
0.15 
0.14 
0.16 
0.18 
0.18 

3.33 



0.19 
0.24 
0.26 



0.17 
0.17 
0.17 
0.26 
0.59 
0. 57 
0.28 
0.13 
0.13 
0.13 
0.16 
0.16 

0.24 



0.17 
0,20 
0. 21 



1801. 

Apr.l 9. 130 I 4.576 5,794 

May 12,050 ' 7.150 9.015 

June 16.355 I 11,000 13,ai5 

July 12.9C0 I 5 890 9,115 

Angnst 5.890 2,832 4,415 

September 3,704 2,614 3,078 

October 3,704 3,159 3.611 

November 4, 358 3. 486 3, 802 

December 3, 200 

Per annum.. 16.355 1.742 5,503 

1892. '^ i 

January ." 3, 000 

February 3,000 

March ' 3.200 

April 4.140 3.268 3.552 

May 18.550 3,486 8.004 

June 1 to 25 28.650 13,270 21,027 



:U4, 743 
554.422 
811,877 
560,572 
271.522 
183, 141 
215, 926 
226,219 
196,800 



4, 008. 942 



0.37 
0.5D 
0.&'» 
0.60 
0.20 
0.10 
0.23 
0.25 
0.21 

4.27 



0.32 
0.51 
0.77 
0.52 
0.25 
0.17 
0.20 
0.22 
0.18 



0.31 



184,500 , 


0.20 


0.17 


172,500 


0.18' 


0.17 


196,800 ! 


0.21 


0.18 


211,. 344 


0.23 


0.20 


492, 246 ! 


0.52 


0.45 


1.251.106 i 


1.34 


1.19 



• Eatimateil. 
a The results of the computatiouH of (Uac'har;:e are nhown in the following table: 



MONTHS. 



1890. 

January 

February . . . 

March 

April 4 to 30 

May 

June 

July 



DISCHARGE OF MADI.SON RIVER AT RED HLrFF. MONTANA. 

(Drainage area, 2.085 Hquan^ miles.; 



DISCn.VROE IN SECOND-FEET. 



Maxi I 
mum. 



2, 5H() 
«. 420 
0, 3G0 
3,060 



Mini- 
mum. 



Moau. 



1.370 
3,1)60 
3,780 
1.715 



1.2U0 

1,200 

1.200 

1.620 ; 

4.823 

4,977 

2,518 



Total for 
month in 
ncre-feet. 



73, 800 

66,000 

73.800 

96,390 

296. 61 4 

296. 131 

154.857 



RUN-OFF. 



S««cond- 
Depth in feet iK»r 
iucheM. square 
mile 



0.66 
0.60 
0.66 
0.87 
2.67 
2.66 
1.39 



0.58 
0.58 
0..58 
0.78 
2.32 
2.38 
1.21 



MOXTH^. 



DISCHAROE IN SECOND-FEET. 



Maxi- 
mum. 



1890. 

Aupnst 1.640 

Scpteml>er 1 , 580 

Octolier 1.520 

November 1 . 470 

December 1.520 



Mini- i 
mum. 



Per annum 



0. 420 



1.375 
1.420 
1, 420 
1.285 
1.285 

1,200 



Mean. 



1,535 
1,466 
1.498 
1,380 
1,400 



Total for 
month in 
acre-feet. 



94,462 
87. 250 
92, 125 
82. 110 
86,100 



RUN-OFF. 



i Second - 
Depth in ' feet ])er 
inches. ' square 
' mile. 



2,008 1,500,239 



0.85 
0.78 
0.83 
0.74 
0.77 

13.48 



0.74 
0.70 
0.72 
0.66 
0.67 



0.99 
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West of the Madison valley the couuty extends over the Jefferson and liuby ranges, thus including the Ruby 
valley and a portion of the Jefferson valley along the Beaverhead and Bighole rivers as well as along the Jefferson 
river itself. The supply of water in these valleys is not as good as that in the Madison valley, and there are many 
statements to the effect that although there was ample water when the valley was first settled, yet with the 
gi^adual increase of land under irrigation, especially along the head waters, the irrigators in these lower valleys 
suffer loss of crops. The Bighole river, having a smaller area of cultivated land along its banks, has a large 
discharge throughout the year, but the Beaverhead diminishes rapidly during the summer, and in 1889 and 1890 
was dry in various places. The Ruby river flows continuously throughout the year, and it is reported that all the 
ranches depending upon it for water have suflicient for their requirements, but the tributaries occasionally shrink 
far below the needs of the irrigators, and even become completely dry. On September 4, 1889, th*e stream at Laurin 
was discharging at the rate of 90 second-feet, the drainage area at this point being 710 square miles. The Ruby 
valley diteh may be given as an example of irrigation development. This ditch is 8 miles long, 9 feet wide, and 1.5 
feet deep, and cost about $5,000. It takes water from the Ruby river by a temjwrary brush dam about 2 miles 
above Laurin and carries it down the east side of the vtiUey. The water, as is usually the case, is divided equally 
among the partners owning the ditch. 

The lowest bottom land in these valleys is generally devoted to raising hay, dependence being placed upon 
the annual overflow of the river. Other bottom lands a little above the reach of the river water are also irrigate 
for hay, while the bench lands, wherever the water can be brought upon them, are generally sown with alfalfa and 
grain. The irrigated area is rapidly increasing, settlers pushing up into the higher parts of the valley, while at 
the same time the older farmers are tilling new fields and gradually enlarging the old ditches. Water is used in 
general very freely, the quantity varying largely with the character of the soil, the season, and the experience of 
the irrigator. 

Irrigation does not usually begin until the crops are well advanced, but in 1890 the season was so dry that in 
many places it was necessary to irrigate in order to plow the land, and water had to be applied throughout the 
season instead of but once or twice, as is usually the case. It sometimes happens that in wet seasons no irrigation 
is necessary for the first crop of alfalfa. The experience of the farmer counts for a great deal, and even in a dry 
season losses could often be avoided by the exercise of greater skill and judgment. For example, some of the 
crops failed because of delay in irrigation, while others were saved by the thorough soaking given to the 
ground at the time water was plentiful. The presence or absence of alkaline salts, especially on the lowest ground, 
is a matter of great importance. There are several places in this county where before ditches were made there 
was no sign of alkali, but upon irrigation the salt rapidly developed ui)on the surfacte, requiring years of patience 
before the farmers could wash it out. In this county are many excellent sites for reservoirs in which the flood 
water of the spring could be held. The site most firequently mentioned is that at Redrock lake, in the southern 
end of the county near the continental divide. The water from this lake flows easterly into Beaverhead county, 
and along its course down Redrock creek and Beaverhead river there is urgent demand for it, since during the late 
summer the creek is often drv. 

Meagher county is near the center of the state, and includes the area from the Misscmri river on the west 
to the summits of the Little Belt and Snowy mountains on the east. There are three independent drainage basins 
in this county, namely, the head waters of the Smith river, which rises in the center of the county and flows 
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MONTHS. 



1801. 

January 

February 

March 

April 

May 

June 

Jnly 

AugUHt 

September 

October 

November 

December 

Per annum 



DISTHAROE IX SKCOND-FBET. 



I 



Maxi- 
mum. 



1.580 
1,580 i 
1,790 
1.960 
4. 260 
4. 020 
3,660 
1,640 : 
1,375 
1,470 j 
1.470 I 
1,240 

4.620 



Mini- 
* mum. 



Mean. 



1.240 
1,265 
1,470 
1.640 
1.790 
;i, 780 
1. 155 
1,200 
1,240 , 
1,240 ! 
1,285 I 
1,070 I 

1.070 I 



Total for 
month in 
acre-feet. 



1.406 
1,416 
1,631 
1.774 
3.389 
4,167 
2.045 
1.429 
l.:)09 
1.351 
1,40J 
1.137 

1.872 1.350.208 



HUNorr. 



Depth in 
iuche.s. 



Soconil- 

feet per 

8q uare 

mile. 



86.469 . 


0.78 


0.67 


79,698 


0.72 


0.69 


100,306 'l 


0.90 


0.78 


105, 530 


0.95 


0.85 


208.423 


1.88 


1.62 


247. 926 


2.20 


2.00 ; 


125.767 ' 


1.13 


0.98 


87.883 


0.80 


0.68 ' 


7T.W<5 

1 


0.70 


0.C3 


83,086 


0. 75 


0.65 


83, 300 


0.75 


0.67 


69.925 


0.G3 


55 



MO.VTHS. 



1892. 
January . . 
February . . 

March 

April 

May 

June 

July 

AugUAt 

September 
October — 
November 
I>eoenilK;r 



DI8CHABQB IX SECOND-rEET. 



Mnxi- 
muui. 



Mini- 
mum. 



1,375 


1,240 


1,640 


1.330 


1.640 


1,330 


1.420 


1.240 


2. 580 


1.330 


5,940 


2.820 


5,:i40 


1,790 


1.885 


1,285 


1.420 


l.:i30 


1.420 


1.285 


1.420 


1,330 


1 42(» 


1,240 



Mean. 



1.305 I 
1,504 '! 
1.488 I 
1. 295 
1,454 ' 
4,900 i 
3.225 I 
1.519 j 
1,360 , 
1.327 ' 
1.424 ! 
1.321 



Total for 
month in 
acre- feet. 



80.257 
86.480 
91,612 
77,052 
89.421 
291,550 
196,337 
93,418 
80.920 
81.610 
84,728 
81. 426 



BUN-orr. 



Second- 
Depth in j feet per 
inches. ; Hquare 
mile. 



12.10 



0.90 



Per annum 



5. 940 



1.240 



1.844 , 1.336.711 



0.72 I 
0.78 j 
0.82 ' 
0.69 I 
0.81 I 
2.62 ' 
1.78 ' 
0.84 
0.73 
0.74 
0.76 
0.73 

12.02 



0.63 
0.72 
0.71 
0.62 
0.70 
2.35 
1.55 
0.73 
0.85 
0.64 
0.68 
0.64 

0.89 
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northerly through C^scsule county into the Missouri; those of the Musselshell, which flows in a general easterly 
direction, and, third, the so-called Missouri valley on the west. Each of these divisions is bounded by high 
mountains, and thus the water supply is large, ea<!h stream supplying many ditches, owned as a rule by individual 
ranchmen. 

The Musselshell and Smith rivers rise on opposite sides of the Elk mountains, being separated on the north 
by a comparatively low pass. Agriculture has developed along the narrow valleys to such an extent that most of 
the available water is used, although a far larger acreage couhl be covered by a more systematic and economical 
distobution of the water. In the valley of the Musselshell the greater part of the bottom land is covered by 
private ditches, and is used to the extent of the water supply. At Martindale on August 17, 1889, the north fork 
of the Musselshell was discharging 15 second feet and the south fork 10 second-feet. The higher bench lands are 
broken, but there are large areas that with a more abundant water supply could be brought under irrigation. On 
Smith river there is ample water in the higher valleys, but the land below is not so well supplied. The amount of 
water in the river itself, especially where it enters Casca<le county, is usually very small, owing to the diversions 
made farther up the stream, so that irrigators in Cascade county are interested in securing water conservation, being 
often in controversy with their neighbors. 

The Missouri valley contains the princii)al agricultural land of the county. The Missouri river leaves a canyon 
above Toston, the valley widening to a breadth of from 1 mile to 8 miles and extending in all a distance of about 
25 miles. Along this course the river has in places cut bottoms from 1 mile to 2 miles in width, above which is the 
bench land, which in turn gradually disappears into the foothills of the Big Belt mountains to the east. From 
these mountains come many streams, ea(;h of which has eroded a deep and wide noteh or coulee into the bench, in 
many cavses forming bottoms of a width sufficient for cultivation. In these the water flows in abundance during 
the spring and early summer, but it dechnes or even disappears in July and August. Most of the irrigation is 
done by means of water from these creeks, for the Missouri river, although carrying a great (juantity of water, is 
relatively at too low a level for the irrigation of much of the best land. It is possible that in the future a large 
canal may bo taken from this river at a point in the canyon above Toston and carried out around the eastern edge 
of the valley, bringing an enormous a<Teage under irrigation. If this were done, the waters of the numerous side 
streams, if properly held in reservoirs, would be available for the lands lying above the level of such a canal. As 
it now is, throughout the county and in fact the entire state the waters of the (*reeks are often claimed by the farmers 
occupying the lower grounds far away from the mountains. 

Missoula coi^nty lies in the extreme western end of the state beyond the main divide of the Eocky 
mountains, and contains the greater part of the <lrainage area of Clarke fork of the Columbia river. On its 
northeastern corner the county extends over the continental divide and includes a long, narrow area on the 
head waters of the Marias river, which flows iixto the Missouri. The northwestern part is traversed by the 
Kootenai, a tributary of the Columbia. In the northern end of the county there is usually sufficient rainfall for 
agricultural purposes, and irrigation lias been i)racticed only to a snmll extent. In the southern valleys, however, 
its necessity and bcnetits have long been recognized. The principal areas of tillexi land are in the southern part of 
the county in the valley along the Bitterroot river, which flows northward into the Missoula, the chief tributary of 
Clarke fork of the Columbia. The Bitterroot valley is over 50 miles in length and from 4 to 12 miles in width, 
with a large extent of arable lan<l on both sides of the river. The land lying on the left or western side of the 
stream is well watered by the numerous iiecks that flow from the Bitterroot range, which forms the boundary 
between Montana and Idaho, but on the eastern side the supply is less abundant. 

The tilled land in the Bitterroot valley is mainly irrigated in a somewhat xmmitive nmnner by small ditches 
constructed by individual ranchmen or by a partnership of neighboring irrigators. These ditches lead from the 
mountain streams, and in a few cases, mainly on the east side, from the Bitterroot river itself. The irrigated land 
is on the bottoms along the streams, the bench lands back from the river being, as a rule, still untouched. By the 
construction of a large caual taking water from the Bitterroot near the head of the valley and following down near 
the foothills a very large area of bottom land, and perhaps some of the level lands, could be brought under 
irrigation. The altitude of the lands of this valley is from 3,200 to 4,000 feet, and the valley being sheltered by 
high ranges of mountains the climate is mild, being perhaps the most favorable in Montana for the cultivation of 
fruit. The agricultural land also possesses the advantage of having a ready market for produce at the mining 
towns in the adjoining counties. The water supply being in general ample large ciuantities are usually employed and 
the water duty is correspondingly low. Much of the lower land is gravelly and conducts the water away readily, 
so that a strong flow of water is necessary in order to irrigate successfully. By the application of plenty of water, 
however, the apparently worthless gravel bars along the Bitterroot river have been made to yield as high as 5 tons 
of alfalfa to the acre. During the spring floods the lower lands are in part submerged or saturated by seepage 
from the river, so that forage (;rops are successful without any further watering. 

One of the largest irrigating canals in this valley is the liepublican ditch, which takes water from the 
Bitterroot about 11 miles above Corvallis and a short distance below the mouth of Weeping Child creek, carrying 
it down on the east side of the valley to Hamilton and Corvallis, crossing Skalkaho creek on the way. The 
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total length of the main ditch is reported to bo 14 miles, its width 12 feet, narrowing to 6 feet at the end, and 
its cost $16,000. A number of other canals, some of large size, have been projected, the valley offering apparently 
an excellent opportunity for investment on account of a large area of arable land and the facilities for obtaining 
water by the expenditure of a reasonable amount of capital. Several storage schemes have also been discussed, 
as there are excellent opportunities for holding the excess water of the spring in lakes or basins at the head of 
many of the small creeks whose summer supply is insufficient for the land now under ditch. 

In the upper course of the Bitterroot above the main valley are a number of ranches, but here the arable land 
is limited and the water supply so great as to be in excess of all demands. On Rock creek, ea«t of the Bitterroot 
valley, similar conditions prevail. There grazing is the principal industry, as there is little farming land, and 
the altitude is too great for many crops. Northwesterly from the Bitterroot valley down along the Missoula river 
are several open valleys, but in these irrigation is i>racticed only to a small extent on account of the expense of 
diverting water from the main stream. Crops can often be raised without the application of water, but during 
the drought of the pas^ few years nearly everything has failed. The same conditions prevail farther down the 
river on Clarke fork of the Columbia, which is formed by the junction of the Missoula and Flathead rivers. For 
example, at Horse Plains are extensive areas on which good crops are occasionally raised, but the expense of taking 
water from the river is too great for the ranchmen. Some of the low-lying land along Clarke fork is wet by the 
annual overflow of the river, this being known among the inhabitants as subirrigation, and from the results 
following this occurrence the farmers are led U) believe in the great benefit to be derived from a thorough system 
of irrigation. 

The Flathead Indian reservation occupies a large part of the center of this county, including the lower part of 
Flathead lake and also the lands along the river draining the lake. Irrigation is practiced to a small extent by 
the Indians through the influence of the Jesuits, who have established missions among them. North of Flathead 
lake and beyond the reservation is an extensive area of excellent agricultural land ahmg Ashley, Stillwater, and 
Clearwater creeks and Flathead river. Here crops of all kinds, wheat, oats, vegetables, and fruits, have been 
raised without imgation, this method of agriculture, however being practiced to a small extent. In the droughts 
of 1889 and 1890, moreover, the crops were small in amount, in some cases being entirely lost, so that the farmers 
had their attention forcibly called to the advantages of a good water supply. Irrigation can j>robably be cheaply 
developed, as the rivers and tributaries carry a large amount of water throughout the year. 

Park county is in southern Montana, north of the Yellowstone national park, and receives a great part of 
the drainage of that elevated, mountainous region. The county itself contains many high mountain ranges, and is 
thus well watered, the available supply being in many cases in excess of the land to be irrigated. In the southern 
part of the county are the Beartooth and Snowy mountains, rising to heights of over 10,000 feet, being continuations 
of the great Absaroka range, from which comes the abundant water supply of the valleys to the south, in Bighorn 
county, Wyoming. The Yellowstone river, flowing northerly from the national park, passes through the wonderful 
canyons for which the river is famed and enters the county at its southern border. Here the canyon walls begin to 
retreat, leaving a narrow strip of lowland which in places widens out to a breadth of half a mih» or more. About 
25 miles beyond the county line the valley opens still wider, and the river for 35 miles is bordered by open land 
from 1 mile to 2 miles or more in width. Along this portion of the stream are several towns, depending mainly 
upon stock raising and agriculture. North of this open country the river plunges through what is known as the 
Lower canyon, emerging again into a comjiaratively wide valley, at the head of which is Livingston. Beyond this 
point the stream continues with rapid fall through narrow valleys, and is bounded usually by high bench lands, 
the remnants of the plain into which the river has cut its broad channel. The quantity of water in tlie Yellowstone 
has been measured at Horr, about 4 miles below Cinnabar, being thus above i)oints of diversion, (a) 



a The results are Bhnwii in the following tnbli*. In the diagram the discharge for 1889 i.s indicated by the lighter broken line, th.it for 1890 by the lighter 
oontinnous line, that for 1891 by the heavier broken line, ;ind that ftir 1892 bv the heavier cooiiniioas line. 
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0.31 
0.28 
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0.47 
0.36 
0.27 
0.24 



174 



IRRIGATION. 



The agricultuTHl lands along the Yellowstone aud its larger tributaries receive their water fyom the smaller 
streams which issue from the high mountaius on both sides; lu general the water supply on the east side is better 
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than that on the left or western bank, from the fa<5t that on the former side the mountains are higher and are often 
covered with snow thioughout the summer. In the valleys close to the mountains an occasional crop can be raised 
without irrigation. For example, fall wheat in a favorable season has been successful without the artificial 
application of water. A few ditches have been taken from the river to cover the lower lands, but the exx>ense of 
maintaining them is often great. They have, however, plenty of water at all times, which is more than can be 
said of some of the other ditches. 

In the larger valleys the water has aln»ady been filed ui)on t^) such an extent that the amount claimed far 
exceeds the total discharge of the streams, and the farmers fear that the ditches now under construction can not 
obtain sufficient water without taking what is now used or demanded by prior appropriators. The Yellowstone 
river itself carries more than enough water to irrigate all the agricultural land along its course, but unfortunately 
the level of the water in the river is too low to cover much of the best land, or the expense of building canals has 
been found upon survey to be so great as to be prohibitory for single individuals or even associations of irrigators, 
and thus attention has been confined to the smaller streams, leaving untouched vast tracts of fertile land to which 
in the future the river water may be brought. 

The soil on the benches, while in general of excellent character, is o<*casionally very thin, appearing on the 
surface to be composed wholly of gravel. One case is cited on good authority in which the general level of the 
soil on the first thorough saturation was reduced from 1 foot to 1.5 feet or more, the underlying gravel beds being 
apparently consolidated by the excessive amount of water. In other cases the gravel was so oi>en at first that 
large irrigating streams disappeared into the ground as though running into a sieve. In time, however, this oi)en 
land becomes silted, and water can be used to advantage. 

The ditches from the mountain streams are usually owned by individuals or by associations of ranchmen acting 
together and distributing the water equally or according to some agreement among themselves. Between the 
owners of the different ditches along the same stream, however, especially in cases where the water supply is shortj 
there is little or no agreement. During the drought of 1889 and 1890 the necessity of efiicient water supervision 
was appreciated more than before, and many complaints are made as to the defects of present methods, or rather 
lack of method, of distributing water to the ditches. All crops usually require two irrigations during the season, 
and at the time of the second application the water supply is, as a rule, i-unning short, although plentiful in the 
preceding months; especially is this the case along Shields river, Medicine Bow and Sweetgrass creeks. In the 
southern part of the county, however, and especially in the southeastern part near the coal mines, where the 
valleys are narrow and the mcmntains high, it is probable that all the tillable land can be brought under irrigation 
by the present water supply. 

SiLVERBOW COUNTY is in southwestern Montana, lying ai*ross the continental divide, so that the snows falling 
upon the high peaks within this area furnish water to both the Columbia river and the Missouri. This is a mining 
county, agriculture being a comparatively unimportant industry, for the altitude is from 5,500 feet upward, and 
the climate is too severe for any but the hardier grains and forage crops. The city of Butte is in this county, 
as are several other mining towns of importance, and these furnish a ready market for agricultural products. 
The principal bodies of cultivated land sire along the Bighole river, which forms for some distance the southwestern 
boundary of the county, or in the valley of the Silverbow, near Butte, in the northern end of the county. The 
ditches are mainly small and owned by individuals, the topography of the country being such that the irrigating 
ditches are quickly and cheaply made. There is ample water in the Bighole river for all the land along its banks, 
but in order to utilize this fully it will be necessary to construct one or more large canals. At present the water is 
taken out only upon the lowest land along the river and its tributaries, leaving the higher bencjh lands untouched, 
although these latter contain agricultural land as good if not better than that now utilized. 

On Silverbow creek, one of the tributaries of the Deerlodge river, the water supply is not so abundant, and 
the irrigators state that as the timber is cut in the mountains the amount of wat^r apparently diminishes year 
by year, or at least that which flows during the sunmier. Already several small reservoirs have been built by 
individuals, and others are projected. There are sites suitable for the construction of storage works, where water 
can be held for use upon the land along the Deerlodge valley. In some of the irrigating ditches below the mining 
region trouble is occasionally experienced on account of the debris or tailings from the mills, concentrators, and 
])lacer mines in the mountains. This tine material is in time of flood washed down in great quantities, and if then 
carried into the ditches it silts them up rapidly. 

Yellowstone c^ountv is a little southeast of the center of the state of Montana, lying in a southwestern 
prolongation of the Great Plains region, which covers the whole of eastern Montana. The surface is level or 
gently undulating, the general elevation beiug from 3,000 to a little over 4,000 feet. The county embraces that 
part of the plain which is south of the Musselshell river, the Yellowstone river forming its southern boundary. 
These rivers have carved narrow valleys through the plains, so that their bottom lands are bounded by steep bluffs 
100 or more feet in height, and an observer traveling along the river courses finds them bounded by bench lands, 
whose nearly level surface appears to be so high above the river as to render the introduction of wat^rupon them 
of doubtful practicability. The edges of these benches are in places cut by small tributaries of the Yellowstone 
and Musselshell or by coulees. 
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The principal industry is the raising of cattle and sheep, since the bench land, though dry, affords excellent 
grazing. Agriculture is practiced by the ranchmen, who irrigate the lower lands along the streams. The land on 
the benches, though apparently not so rich as that in the bottoms, would, nevertheless, be very productive, with 
the introduction of water. Before this can be done it will be necessary to make extensive surveys in order to 
determine whether it will be feasible to bring the wat^r of the Yellowstone out upon this land. There is no 
question as to the supply of water in this magnificent stream or as to the possibility of bringing the water upon 
a portion of these high i)lains, but regarding the expense involved and the engineering diiliculties to be 
encountered, as well as the acreage that can be piofitably irrigated, there is much yet to be learned. 

Along the Musselshell the land is rich, but the difficulty and uncertainty of obtaining water are great. The 
river was dry in 1890, and is always liable to be low or even to stop flowing.during the latter part of the summer. 
On the other hand, the floods are destructive, Vnd diims placed in the river for diverting the water have been 
washed out. The river is bounded by bluifs or banks so high that individual effort is rarely successful in taking 
out ditches, and the lands along the bottom are in general too small to re])ay the cost of a large canal. 

There is one canal nearly 40 miles in length taking water from the Yellowstone and carrying it to Billings, thus 
covering a long strip of the lower land. Besides this canal, which is owned by a corporation, there are several of 
smaller size owned and controlled by farmers, and also a larger number of small private ditches irrigating one or 
two ranches. The annual cost of water from the larger canal is reported to be $2 a year per miner's inch. This 
quantity is commonly said to water an acre, although in fact it often covers more, and cases are reported where 40 
to 50 miner's inches have raised crops successfully on 160 aeres. On the other hand, where the farmer must 
conduct a small quantity of water in his laterals for some miles before using it, he states that it is diflftcult to 
irrigate at the rate of 1 acre per miner's inch on account of loss in transit by eva])oration and seepage. Complaint 
is frequently made that at the rate of $2 per miner's inch the annual water dues become a burden too heavy for 
the ordinary farmer. 

The development of irrigation is reported to have been retarded by the fact that the smaller owners can not 
afford to build extensive ditches, and the owners of large tracts of land, including some of the best land in the 
county, are holding these for speculative purposes. Most of the farmers migrated from the east, and on coming 
into the country either knew nothing about irrigation or believed it to be unnecessary, and it is only within a 
comparatively few years that the inhabita.nts have begun to ai)preciate the necessity and the possibilities of this 
method of agriculture. The difficulties in the way of taking ditches from the Yellowstone have prevented an 
extensive development of systems of small i)rivate ditches, which are so common in localities where the streams 
are small and easily controlled. High water ditches, that is, those receiving water in times of flood only, are, 
however, largely used. In a few instances the attempt has been nmde to raise water from the river by mechanical 
means, for instance, by the ancient Egyptian noria or undershot water wheel, which elevates the water by means 
of buckets placed on the rim of the wheel. The liability of much of this country to be visited by sudden local 
storms renders it necessary to lo<!ate and construct the ditches with extreme care, and to i)lace flumes and other 
structures in such a manner that they will be exposed as little as possible to the torrents of rain which accompany 
these storms. The most notable canals in the county are briefly described below. 

The Minnesota and Montana Land and Improvement Company's canal, mentioned above, takes water from the 
Yellow^stone river at a point on the north bank about li5 miles above Billings. The total length of the canal is 
estimated to be 30 miles; its width, 24 feet; its ordinary capacity, approximately, 100 second-feet, and its cost, 
about $125,000. There is no dam across the river, the timber headgates being set in masonry, and the river banks 
on both sides jirotected by rock. This corporation sells water for the season, from May 1 to October 1, at the rate 
of $2 per miner's inch, measured under a inch pressure. For example, the water flowing throughout the season 
from a box 12 inches wide, with the gate raised 1 inch from the bottom, is considered to be 12 miner's inches. It 
is claimed by the company that 40 inches will usually irrigate 160 acres. Farther down the river, on the north 
side and in succession, are the ditches known as the Italian Company's, the Mill, Clarke Fork, and the Yellowstone 
and Canyon Creek. 

The Yellowstone and Canyon Creek ca lal heads about 16 miles below the canal above described and conducts 
the .waters of the river for about 13 miles to the vicinity of Billings. The canal is 11 feet wide, carries ordinarily 
about 30 second-feet, and its total cost was $10,000. It is owned by about 20 stockholders, each taking an amount 
proportionate to the number of shares owned by him, measurement being made under a 4-iuch pressure. The 
annual assessment for nmintaining the canal is about 50 cents per acre, a portion of which can be worked out by 
the shareholder at the rate of $2.50 per day. 
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Total popniation (average per square mile. 0.42) 45, 761 

Number of owners of farms (2.79 per cent of population) 1, 277 

Number of irrigators (91.39 per cent of farm owners, 2.55 per cent of population) 1, 167 

Area of state, land surface (109,740 square miles) - acres. . 70, 233, 600 

Area irrigated in census year do. , . 224, 403 

Area of all farms, 43.52 per cent improved do. .. 1,661,416 

Cereals raised in census year, including 54 acres in rye do. . . 15, 530 

Barley, average production, 29.35 bushels per acre do. . . 8, 081 

Corn, average production, 23.87 bushels per acre do. . . 274 

Oats, average production, 28.40 bushels per acre do. . . 3, 490 

Wheat, average production, 22.44 bushels per acre do . . . 3, 631 

Alfalfa do... 49,215 

Total value of all farms, including land, fences, and buildings $12, 339, 410 

Estimated total value of the farms irrigated in whole or in part $9, 200, 000 

Estimated value of all farm productions (sold, consumed, or on hand) for 1889 $2, 705, 660 

Estimated value of productions, as above, from farms irrigated in whole or in part $2, 899, 000 

Average size of irrigated fanus acres. . 192 

Average size of irrigated farms of 160 acres and upward do. .. 513 

Per cent of acreage of irrigated farms of 160 acres and upward to total acreage irrigated 78. 69 

Average size of irrigated farms under 160 acres acres . . 58 

Average first cost of water right per acre $7. 58 

Average annual cost of water per acre - $0. 84 

Average first cost per acre of preparation for cultivation $10. 57 

Average value of irrigated land, including buildings, etc., in June, 1890, per acre $41. 00 

Average annual value of products i>er acre in 1889 $12. 92 

(JENERAL DESCRIPTION. 

One of the most notable facts concerning irrigation in Nevada is the large average size of farms, 192 acres, 
this being nearly three times the average for the whole western United States. This is exhibited on the diagrams 
in the first part of the report, which also bring out clearly the undue proportion of large irrigated holdings, 
namely, those containing 160 acres and upward, these forming 78.69 per cent of the total area irrigated. The small 
holdings, those under 160 acres in size, are in the average larger than in any of the other states and territories. 
This condition of affairs is due mainly to the fact that the broad, nearly level, valley lands at the foot of high 
mountains are easily flooded during the spring, in some places almost wholly by nature, and thus the forage crops 
are easily produced. Probably over 90 per cent of the land irrigated in 1889 was covered with the native grasses 
and other hay producing plants. The average value of products per acre was low, exceeding only New Mexico 
and Wyoming, and the average value of irrigated land per acre was correspondingly small. 

The general condition of agriculture is somewhat peculiar, since, taking the state as a whole, tilling the soil is 
an adjunct to stock raising. Owing to the enornums area of the state and its small and scattered sui)ply of water, 
largely from springs, the ranches or farms, excepting on the extreme western border, are at a considerable distance 
from eai^h other and at still greater distances from market. Transportation is expensive, and only sufficient 
produce is raised to supply home or local demands. In the broad, barren valleys of the state or among the rugged 
hills, wherever a spring occurs, some ranchman has bought or taken up 40 acres or more, sufficient to cover the 
source of the water, and, owning this, he can practically control thousands or hundreds of thousands of acres of 
grazing lands. 

The state of Nevada lies almost wholly within the Great Basin region, the only exceptions being in the 
northeastern corner, where the state lines include a small portion of the Snake Kiver basin, and the southeastern 
corner, in the Colorado liiver basin on the south. The Great Basin extends on the east beyond Nevada, including 
nearly one-half of the territory of Utah, as well as small portions of Idaho and Wyoming, but since Nevada 
includes so large a part of this area a general description of the basin is essential in order to give the principal 
topographic features of the state. The Great Basin, as the name implies, comprises a vast area within whose rim 
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are no streams contributing water to the ocean. All of the preiripitation falling within the irregular lines 
bounding it must at some time be evaporated and again return to the atmosphere. In its round of life, hovvever, 
the raindrop which has fallen within the basin may Join other drops, becoming a rill and later forming part of a 
creek or large river, and then an infinitely small portion of some great lake, but from this lake it can only escape 
to join the ocean by taking on the form of aqueous vapor and tioating away with the wind. 

The Great Basin is bounded on its eastern and w estern sides by two great mountain masses, the Wasatch, in 
Utah, on the east, and the Sierra Nevada, in California, on the west. To the north and south of these ranges the 
bcmndaries of the basin are less distinctly marked, and the exa^'t location becomes in jdaces a little uncertain, 
as the line must be drawn along high plateaus or over broken country whose drainage is not well defined. These 
two great mountain areas, rising to heights of over 10,000 feet, by their superior altitude and consequent 
effect upon precipitation, give rise to many rivers, a few of which flow toward the (ireat Basin. Both were 
formed by the rising of great blocks of the earth's crust, these blocks being tilted, the uplifted edge forming the 
mountain crests. In each case the blocks tilt away from the (xreat Basin at a gentle angle and i)resent toward it 
the steep, apparently vertical faces, so that the streams, which have 4leei>ly carved these great blocks, flow away 
down the long slope, draining comparatively large areas, while those flowing from the steeper face turn toward 
the Great Basin, descend with great rapidit}^, and have a comparatively small, though very steep, catchment area. 

In the case of the streams of the eastern side of the basin in Utah the water supply is enormously increased 
from the fact that the rivers draining the gently sloping side of the Wasatch mountains do not flow away from 
the Great Basin, but turning abruptly pass through narrow, deep canyons and come out on the plains at the 
foot of the steep slopes. Thus it is that Utah enjoys such an unexampled water supply in spit« of its otherwise 
unfavorable position. On the western side of the basin in Nevada, although many of the characteristics are 
similar to those on the opposite edge in Utah, yet this favorable circumstance is not found except to a very slight 
extent. The streams which rise on the far side of the Wasatch range westerly from the Great Basin continue to 
flow in that direction and finally enter the San Joaquin and Sacramento, so that Nevada receives only the drainage 
from the steeper 8loi)es. A possible exception may be noted in the case of the Truckee river, which rises behind 
the Tahoe range and comes around the northern end of that range into the Great Basin. In many respects this 
is a counterpart of the Bear river of the northeastern side of the Great Basin, with its regulating lake and 
sinuous course, but in every way it is of far less size and less importance to agriculture. In short, the great 
streams of the eastern edge of the basin are but feebly represented on the western side. 

The Great Basin as a whole rises gradually from south to north, the upper edge being at a general elevation 
of nearly 5,000 feet. It is higher in the center than on the eastern and western edges at the foot of the uplifted 
mountain blo4*ks. Thus it is that the water collects in these depressions on each edge, forming on the west a 
number of small saline lakes, each fed by its own river, and on the east, with the greater water supply, a single 
great salt lake covering the place comparable to that of the smaller lakes <m the other side. In consequence of 
the higher center of the basin, the greater portion of the drainage forming the Humboldt river flows from the 
center westerly toward the edge and there aids in the formation of the small lakes. 

An almost innumerable array of smaller mountain ranges, trending north and south, fills the Great Basin and 
diversifies its surface by their bare and rugged i)eaks. Streams issue from some of these, but after a short course 
down the mountain sides and along a narrow valley they disappear into small saline lakes or sinks in the broader 
valleys between the ranges. Over hundreds or even thousands of square miles of lower mountains and desert 
plains there may not be a drop of water to be found during a great part of the year, and the unwary traveler is 
in danger of perishing from thirst. For months or even years rain does not fall on some of these vast plains, and 
the heat of summer renders the higher animal life almost impossible. 

The climate within the interior basin has not always been as arid as at present, for within comparatively late 
geological time there have been fluctuations sufficient on the one hand to produc/C great lakes of fresh water, and 
on the other extreme to completely dry these, the ever changing conditions again bringing about the abundant 
rainfall necessary to fill the ancient basins. The shores and beaches of these ancient lakes (a) form conspicuous 
features of the landscape of the present country, and the fine materials depositetl upon their bottoms are now the 
level plains whose soil, when moistened, yields abundant crops. 

Four rivers of notable size are formed by the drainage from the steep eastern face of the Sierra Nevadas. These 
are the Truckee on the north, the Carson, Walker, and Owens on the south. The first three of the^e flow 
westerly into the Great Basin and finally lose their waters in the saline lakes, the Truckee into Pyramid and 
Winnemucca lakes, the Carson into Carson sink, and the Walker into Walker lake. The fourth river, Owens, 
clings closely to the foot of the mountains and flows in a general southerly direction along the base. The Sierra 
Nevadas have a general north westi^rly and southeasterly trend, while the state lines which bound this side of 
Nevada have courses which form small angles with this direction, and for this reason have a peculiar influence 
upon the water supply within this state. 

a Th«*««» aii<'i«>nt lak^M, Bonuevillo on th«« o»8t and Lahontan on the weHt, their extent and fluctuations, have been described in monoi^raphs of the United States 
(}eologii>al Survey 
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The western boundary of Nevada coming from the north runs toward the Sierra Nevadas and crosses the 
eastern slope diagonally, jiscending gradually toward the higher summits. When it reaches lake Tahoe it turns 
abruptly to a southeasterly conrse and descends again diagonally down the mountain slopes to the plains beyond. 
Within this broad angle included by the state lines where they ascend and descend the Sierra Xevadas is included 
the most inii)ortant portion of the state agriculturally and also as regards mining industries and population* 
The state lines on this side by their peculiar position, in both instances diagonal to the general course of the 
mountains, cut the drainage basins of the Truckee, Carson, and Walker, leaving the head waters and upper valleys 
in California find the lower fertile plains in Nevada. The fourth stream of this series, Owens river, lying along^ 
the mountains, is by the southeasterly direction of the state line left wholly in California. 

These three rivers, the Truckee, Carson, and Walker, together with the Humboldt, which flows from the 
center of the basin toward the western edge, comi)rise practically the water supply of the state. There are other 
small streams and many springs, but none of these are of importance save to small localities or to individuals. 
The development of the agricultural resources of the state, therefore, depends upon the careful conservation of the 
waters of these rivers, and their utilization to the greatest possiblcf extent. This fact has long been recognized, 
and steps, though somewhat halting, have been taken toward the investigation of the water supply and the best 
means of increasing the utilization of it. In all projects, however, Nevada as a state is hampered by the fact 
that her principal streams derive the greater part of their water from catchment areas lying within the state of 
California. 

STORAGE HESERVOIRS. 

There are many exc»ellent localities for the construction ol* storage reservoirs upon the head waters of ^the 
Carson and Truckee, by which the excess waters of the early spring floods could be held for use later in the season. 
Surveys have been made of a number of the more imi)ortant of these, and they have been reserved, at least such 
portions of them as belong to the United States, for reservoir purposes. The reservoir which has attracted the 
greatest amount of iwpular attention is lake Tahoe, and it has been urged that by holding its waters back by- 
means of a suitable dam enormous quantities can be retained for the irrigation of thousands of acres. There is 
however, a question of water 8ui>ply of the lake involved in this project which is seldom taken into account. The 
drainage area tributary to the lake of 506 square miles is, in proportion to the open water surface, which amounts 
to 192 square miles, exceedingly small, and it is doubtful whether in every year the lake can be raised to a height 
sufficient to fiirnish water to the amount anticipated. In this respect lake Tahoe is comparable to Bear lake and 
Utah lake on the eastern side of the Great Basin, namely, in being too large for economical water storage. The 
expense, however, of holding water within the lake would be very small, since the outlet can be readily controlled. 
One obstacle to the use of this lake as a storage reservoir for the dry lands of Nevada is that the lake is principally 
in California, as is also the natural outlet and a large part of the course of the Truckee river, which flows from it. 
The outlet is now under the charge of lumbermen, who use the wat«r from the lake at certain seasons of the year 
to carry logs to the sawmills below. 

In addition to the reservoir sites occupied in part by lakes, and to which public attention has been especially^ 
drawn, there are a number of localities 8cattere<l through the mountains at the head waters of the streams, many 
of which are suitable for holding water. These are mainly valleys, in some cases formerly occupied by glacier» 
and later by small lakes which in course of time have cut an outlet through the lower rims. A comparatively^ 
small expenditure of labor and capital will close the outlets, and by this means bodies of water of considerable 
size can be held. As previously mentioned these localities are mainly in California, while the lands to be benefited 
are far down the stream upon the deserts of Nevada, and there is uncertainty as to the requisite co-operation on 
the part of California in forwarding such enteri)rises. Another drawback is that these localities are in general 
owned and occupied a« dairy farms, and a large price is put upon them whenever the matter of water storage i& 
discussed. 

FLI'CTUATIONS OF WATER SUPPLY. 

There is usually ample water for these storage reservoirs, which can be filled in Ai)ril, May, or June during" 
the height of the floods or during the winter months. -The distribution of water in the streams throughout the 
year is perhaps best shown by the table on the following page, which gives the percentage of discharge month by 
month. With this is placed the percentage of rainfall for immediate comparison. The actual quantities of water 
in many of the important streams are given in tabular form under the descriptions of the counties on the following, 
pages. 
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MONTHLY PERCENTAGE OF RIVER FLOW AND RAINFALL. 



MONTHS, 



Averaee j Avera>(e 

run off. I ndufall. 

(Per eeut.) (Per cent.) 



I 



January .. 
Fohruary 
March — 

A4>ril 

May 

June 

Julv 

• 

Au^8t ... 
S««pteinlHT 
Oclolier . . . 
Novomber 
De<'euil»er. 



2.7 


15.8 


2.8 


13.0 


4.6 


10.2 


10.2 


9.G 


24.7 


9.0 


22.8 


5.8 


15.3 


2.5 


5.3 


1.8 


3.3 


2.5 1 


3.0 


6.8 1 



2.6 
2.7 



9.0 
14.0 



\ 



The above percentages of run-off relate strictly to the discharge of the Carson river for 1890, but it may be 
assumed that the Truckee and Walker follow about this general order. It is probable that the distribution of 
water in the Humboldt varies somewhat from this, a greater proportion flowing in March and less in June, the 
flow during fall and winter also being somewhat smaller. From an inspection of the table it appears that nearly 
one-half of the total amount of the water carried by the river comes in May and June, the amount falling oflf rapidly, 
sso ftiat by the end of July the rivers are below the average for the year. The distribution of the rain throughout 
•the year has been taken from the records of the signal service obtained at 13 stations in the state where 
'observations have been carried on for a period of at least 18 years. The average annual rainfall recorded at all 
of these stations was a little over 6.10 inches. Taking the months from November to March, inclusive, 62.00 per 
iient of the total rainfall for the year fell, this amounting to 3.78 inches. In the 7 months from April to October 
the average precipitation for all these stations was only 2.32 inches. It should be noted, however, that the 
localities where these measurements of precipitation were made are mainly in the Great Basin, away from the 
jnountains, and at altitudes of from 4,000 to 6,000 feet. 

It is evident from a consideration of these figures that farming without irrigation is practically impossible, 
except i)ossibly on low grounds wet by seepage. Not only is the amount of rain exceedingly small but the 
distribution throughout the year is not favorable to the needs of agiiculture, since such a large proportion falls 
dinring the winter. The average rainfall, 6.10 inches, above noted, does not by any means represent the rainfall 
in the Sierra Nevadas. As examples of precipitation at localities among the mountains may be given Boca, 
Cal., at an altitude of over 5,550 feet, with a mean annual rainfall for over 18 years of 15 inches; also Truckee, 
Oal., at an altitude of 5,820 feet, and rainfall of 27 inches. Still higher in the mountains, at Summit, Cal., where 
the altitude is 6,765 feet, the mean annual rainfall for 17 years was over 42 inches. It is from this abundant 
precipitation, mainly in the form of snow on the high mountains, that the rivers receive their supply. At rare 
intervals heavy storms may occur out in the basin, but these are of comparatively little value to agriculture, and 
in fact may be injurious. The rains falling upon the perfectly level lands in the center of some of the valleys 
sometimes convert them into broad lakes, the water standing to a depth of a few inches for several hours or days 
until evaporated. 

In the employment of waters in irrigation it has been found here, as in other localities, that the irrigation of 
the higher land on the edge of a valley helps to water the lower ground, and that less w^ater is required on the 
latter, and in some cases forage crops can be successfully raised by seepage alone from higher land. When water 
is first applied to the soil it often sinks in so rapidly that even with a large stream it seems impossible to saturate 
even an acre. Gradually, however, the water level is raised in the surrounding lands, and in the course of months 
or years the ground water of the vicinity has come so iM*ar the surface that a comparatively small amount of water 
suffices for a season's irrigation. Tin* rise of the ground water is attested by the fact that wells previously sunk 
in dry earth to depths of 60 to 100 feet without reaching vater are in some cases filled to within a few feet of the 
surfa4*e. 

WELLS. 

The wfiters from wells an<l springs have an exceptional value in Nevada on aecount of the general scarcity of 
surface waters. Taking the state as a whole, there are a large number of springs the waters of which in many 
cases are warm or hot and often too heiivily charged with mineral matter to be useful for agriculture. There are 
a few shallow fiowing wells in the state, notably in the vicinity of Carson. A number of dee)) holes have been 
drilled in dififerent parts of the state, but without success so far as flowing wells are concerned. It is reported 
that a well was sunk by the railroad company at White Plains, (Uiurchill county, west of the Hiunboldt and 
Carson sinks, to a depth of 2,345 feet, but without reaching water. Another well at Lovelocks, Humboldt county, 
north of Uumboldt sink, was put ilown to a depth of 1,000 feitty but without success. 
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On the lower lands in Ormsby county are a number of small flowing wells from 100 to 150 feet in depth^ 
delivering a quantity of water ranging from 2 to 25 gallons per minute each. Other small flowing wells have been 
found in Carson valley in Douglas county, in Washoe valley in Washoe county, on the low lands of Churchill 
county, near Battle mountain and Austin in Lander county, and also in Eureka and White Pine counties. In 
general it may be said that these wells vary in depth from 50 to 300 feet, are from 2 to 6 inches in diameter, and 
cost from $1 to $6 per foot according to depth and the success of the driller. The amount of water delivered is 
very small, almost insignificant in comparison to that carried by a small irrigating ditch, but is valuable for 
watering stock and for domestic purposes. 

These wells are in many respects similar to those of Utah along the e<lge of Utah lake and Great Salt lake* 
It appears probable that in all of these valleys in which irrigation has been carried on for a number of years the 
waters have permeated the unconsolidated deposits of sjind and gravel. These being interstratifted with beds of 
clay and dipping slightly toward the center of the basin give rise to conditions favorable for small flowing wells 
in the lower ^wrtions of each valley. When a pipe is driven down through these alternating beds and penetrating 
the clay layers enters the gravel or sand, the water tends to rise to the surface and overflow if the top of the pipe 
is below the general level of the valley. 

The probabilities of obtaining large artesian wells in the valleys of Nevada do not seem from present knowledge 
at all favorable, both because the deep wells drilled within the past few years have been in general dry, and 
because the large number and wide distribution of springs indicate a dislocation of strata unfavorable to the 
production of artesian wells. Exploration in this regard is being carried on occasionally, and it is [>ossible that 
flowing waters of considerable local value, especially for supply of cattle, may be obtained. 

IRRiaATINCJ DITCHES. 

The irrigating ditches of Nevada for convenience have been arranged in two groups, the first consisting of 
those having an average width of less than 5 feet and the second those of a width of 5 feet and over. The average 
cost per running mile of the smaller ditches has been found to be approximately $200 and of the larger $1,150 per 
mile, including in this the cost of headworks, flumes, and other structures. The average width of these larger 
ditches is about 8 feet, and there are comparatively few averaging over 10 feet in width, so few in fact that a 
separate class of this dimension has not been made as in the case of other states. 

The average area irrigated by each ditch is 530 acres, excluding from this computation a number of larger 
ditches reported to irrigate tracts of unusually great size. For comparison with this, it should be note^l that in 
Idaho the ditches irrigate on an average 385 acres and in Monta.na 225 acres, excluding in these cases a few of 
the large canals. This large acreage to each irrigating ditch is due not to better construction but rather to the 
fact that throughout a great part of the state irrigation is still in the first steps of development, not having 
advanced beyond the simple and wasteful methods of flooding the ground. Not only is a great portion of the 
water wasted but the results obtained are often of less value than would have been the cj^se in the employment of 
better methods of irrigation, for by the use of too great an amount of water some of the most valuable species of 
native grasses are drowned out, coarse swamp grasses taking then* places. The employment of too much water 
by one man not only diminishes the supply for other persons,, but may injure the property of the user. 

In the construction of these irrigating ditches little, if any, outside capital has been employed, but they have 
been dug by the irrigators, acting individually or in co-operation. The ownership is almost wholly within the 
hands of the farmers, and the administrati(m of the water, if the general lack of system can be called such, is 
wholly within the control of the men who are directly benefited. Owing to the multiplicity of ditches deriving 
water from the same stream and the many separate interests involved, there constantly arise conflicts between 
irrigators as to the distribution of water, especially during the seasons when the supply is scanty. 
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CONDITION OP IRRIGATION IN EACH COUNTY. 
NUMBER OF IRRIGATORS, ARKA IRRIGATED, FARMS, AND CROPS IN EACH COUNTY IN NEVADA IN 1889. 



COUNTIES. 



Nuin 
; ber of 
j irri 
gators. 



Area 
irrigated 
in acres. 



fa I 



Total 1,167 224.403 



Aver- h 
age Hize : 
■ of irn- 
:atccl ' 
imis . 
in 
arres. 



192 



owNKHft or 

FAUMS. (a) 



IRRIOATOHS. 



FARM AKKA 



AKBA IRRIOATBD. 



Churchill.. 
Douglaa... 

Elko 

Esmeralda 
Eureka 



Hnmbcldt. 
Lander — 
Lincoln . . . 

Lj'on 

Nye 



Ormsby 

storey 

Washoe 

White Pine 



43 
2« 
250 
29 
38 

116 
52 
95 

87 
82 

26 

1 

221 

101 



9,688 
4,250 
.56, 305 
4.527 
6,344 

56,680 
7.857 
4.400 

17,777 
8, 366 

1,497 

120 

28.631 

17.961 



225 

lort 

225 
156 
167 

489 
151 
46 
204 
102 

58 
120 
130 
178 



Total 

nnni- 

her. 



1.277 

43 
38 
262 
30 
41 

147 
59 
98 
87 
98 

29 

1 

235 

109 



Ter 

CftUt of 

lation. 



2.79 

6.12 
2.45 
5.47 
1.40 
1.25 

4.28 
2.60 
3.97 
4.38 
7.60 

0.59 
0.01 
3.65 
6.33 



IVr 
cent of 

farm 
ownwrM. 



INr 



cent of 
not 
latl 



Area . 
of counties 
in acreH. 



]toi>u- 
tlon. 



Acn'M. 



Per 
cent 
> im- 
proved- 



Coreak- Alfalfa. { 
(Acrert.) (Acres.); Per 
|l cent of 
I area of 
county. 



Per 

cent of 

total 

farm 

area. 



u Aver- 

j: age 

I*er i! ;»^»® 
centof ,"0i^- 

land I' 
owned |. 
by irri- 1 
gators. ' 



nets 

per 

acre. 



91.:«» 2 55 70.23.3,600 1,001,416 43. .52 15. .WO , 49. 215 0.32 13.51 14.18 ' ♦12.92 



100.00 
68.42 
9.5.42 
96.67 
92.68 

78.91 
88.14 
96.94 
100.00 
83.67 

89.66 
100. 00 
94.04 I 
92.66 



6.12 
1.68 
5. 21 
1.35 
1.10 

3.38 
2.29 
3.85 
4.38 
6.36 

0.53 
0.01 
3.43 
5.87 



3,105.280 

570, 880 

11.297,280 

5. 465, 600 

2. 656, 000 

10.611.200 

3, 389. 440 

11,315,200 

80H, 960 

10. 821, 120 

92,160 

172,800 

3,596,800 

6, 330, 880 



.52, 780 
22, 502 

5.38 527 
19,060 

143.390 

418,815 
71, 129 
18.805 
49,445 
36.425 

8,002 

320 

153, 591 

128,625 



81.06 
61.42 
48.55 
.56. 35 
8.89 

45.01 
24. 22 
54.78 
54.91 
49.93 

62.20 
37. .50 
32.15 
51.06 



449 
1.429 
5.799 

481 



8 
913 I 
971 . 
1.142 ! 
771 

301 
15 
1.575 , 
1.674 1 



3,643 
822 
3,911 
1,895 
2.633 

5, 938 

623 

410 

10. 816 

706 

1,175 

105 

13,788 

2.750 



0.31 
0.74 
0.50 
0.08 
0.24 

0.53 
0.23 
0.04 
2.20 
0.08 

1.62 
0.07 
0.80 
0.28 



18.36 
18.89 
10.40 
23.75 
4.42 

13. 53 
11.05 
23.40 
35.05 

22. or 

18.71 
37.50 
18.64 
13.96 



18.36 '■ 
22.78 
10.78 
23.95 
4.45 

1.3.85 
1J.52 
24.48 
35.95 
23.99 



20.25 
37.50 
20.45 
16.07 



10.33 

9.68 

8.49 

12.34 

10.10 

14.44 
16.45 
13.94 
13.03 
13.81 

31.55 



18. 8S 
12.33 



a Includes own<Ml and hired farroH, aMsuming one farmer to each. 

Chitrchill COUNTY i.s ill western Nevada, east of tlie row of small counties along the foot of the Sierra 
Nevadas. It contains on the extreme west a portion of Winnemucca lake, into which the Truckee flows, and on 
the north a part of Humboldt lake at the lower end of the Humboldt river. The most imi>ortant bodies of water 
are Carson lake, near the southwesterly side of the county, and Carson sink, to the north of this, occupying 
evidently the lowest portion of this part of the Great Basin, since the drainage of the Truckee, Humboldt, and 
€arson finds the last resting plaice and ultimately disappears by evaporation. Carson river, entering the county 
from the west, flows in a general easterly direction, meanders through the nearly level bottom lands, and dividing 
into several channels discharges into Carson lake to the south or into the sink toward the north. In the broad 
valley in the vicinity of these lakes there are probably over 100,000 acres of rich laud, the greater i)ortion of which 
is lying idle for lack of water. The general altitude of this low land is under 4,200 feet and the climate is favorable 
for the jiroduction of large crops. The lands at present tilled form an insignificant part of that which could be 
brought under cultivation if water could be secured. By the construction of reservoirs at the well known sites 
along the Carson above this valley, ample water could be obtained for the irrigation of a portion at least of this 
desert area. 

The present agricultural lands are along the Carson river and its various channels. Water is taken from the 
river and its sloughs by over 50 ditche.s, each leading to one or more ranches. The lower lands near the lakes have 
mainly an adobe soil, which, though fertile, is not as rich a.s that of the desert lands farther back from the river, but 
can be brought under cultivation at small expense. The water for irrigation is allowed to run on wild grass until 
the quantity is equal to that which would cover the surface to a depth of from 3 to 4 inches, the stream flowing 
steadily for 8 or 10 days, aftei* which the water is turned oft* for a week or more, and then allowed to run upon 
the field again. Large areas of grass are thus brought under irrigation at small exjiense and with little labor, and 
great quantities of wati^r are used at times when it is plentiful. 

There are thousands of a<*res of good land in this county lying back from Carson river at an elevation slightly 
too great to admit of bringing water uixm them except by the construction of long and expensive canals. In one 
case at least water is raised by means of a pump driven by an engine. This is said to deliver water at the rate of 
100 miner's inches, irrigating 1 acre in 2 hours. Tli<* cost of the pump and engine is reported to have been 81,200. 
The fuel used is sage brush. 

Douglas county is the most southerly of those on the west side of Nevada and occui>ies the broad angle 
made by the change in direction of the line between this state and California. It extends easterly from Tahoe 
lake nearly to the Walker river, including in its southern extremity a i)ortion of the West Walker. The east and 
west forks of the Carson flow from California northerly into this 4*(mnty and unite in the Carson valley, whose 
lH)ttom lands have an altitude of from 4,700 to -VKM) i'ett. The agri<*ultural land of the county is within this valley, 
mainly on the western side, water being taken from the east and west forks, and also from the small creeks which 
comedown from the Tahoe mountains. On the east side of the Car8<m valley are broa*! deserts, whose fertile lauds 
could be rendered highly productive by the use of waters obtained by storing the floods of Carson river. These 
lands are owiu»d largely by a few individuals, some of whcnn have discns.sed the feasibility of attempting the 
construction of reservoirs. Examinations conduct^Ml by the United States CT<M)h>gical Survey and by private 
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enterprise have fnrnialied data by which the cost of these iuiprovements can be computed, and a large amount of 
information is available as to water supply and storage capacity, sufficient to show the feasibility of such schemes. 
The extension of agriculture in this county by use of stored waters rests upon the (|uestion8 of water control and 
of securing sufficient capital to construct the systems. The information at hand carries the matter beyond the 
preliminary stages, and is sufficient to justify organization for definite ends. In the lower part of Cai-son valley 
is a locality suitable in many ways for the construction of a reservoir to hold waters for use upon the lands below 
Dayton in Storey county. In short, there is no lack of localities favorable for water consei'vation, the obstacles 
being of a financial or legal character rather than those offered by nature. 

The (juantity of water in the East and West Carson rivers has been measured at points (a) al>ove the valley, 
the gauging station on the East Carson being at the Kodenbah ranch, about 14 miles from Genoa and 22 miles from 
Carson, and that on the west fork of the river being about one-half mile above the town of Wooilford, Alpine county, 
California, which is 20 miles from Genoa and 32 miles from Carson. 

The main Carson was measured on June 10, 1889, below the junction of the east and west forks. The 
discharge at that time was only 527 second-feet, a great part of the water being diverted by irrigation ditches at 
points above. In 1890 a station was established at the lower end of the Carson valley, near Empire, thus giving 
the discharge as shown above available for the valleys farther down below Dayton, in Lyon county. 



a Tht« results are given in the following tables : 



DISCHAROK OF EAST CARSON RIVER AT RODENBAH, 

NEVADA. 

(Drainage area, 4U Hquure niileH.) 



MONTHS. 



1890. 
April 7 to 30 
May 4 to 31 . 

June 

Jnly 

AnguAt 

September . . 

October 

November . . 
December . 

1891. 

January 

February — 

March 

April 

May 

Jnue 

July 

August , 

September.., 

October 

November . . 
Deceml)er. . . 



Per annum 



1892. 
Janaar>- . . 
February . , 

March 

April 

May 

June 

Jnly 

August 

September. 

October 

November , 
Drcember. . 



1>ISCBAR()E IN HECOND-FEKT. 



Maxi- Mini- 
mum, mum. 



1.5(» 

4.200 

3,900 

2,780 

875 

437 

390 



i 



752 
1,315 
1,745 
750 
437 
400 
385 



1,884 



Per annum 



405 

400 

445 

5.15 

2. 590 

1.790 

715 

420 

420 

420 

5:^5 

5. 540 

5. 540 



37: 



:r75 

290 
400 
400 
480 
715 
420 
410 

no 

410 
400 
400 



Mean. 



400 


dim 
375 


.395 


385 


715 


377 


1.850 


390 


590 


410 


1,884 


1.010 


1,884 


565 , 


1,190 


445 


447 


300 


400 


:J85 


3H5 


385 


385 


385 


480 


,385 



290 



1.026 
2,654 I 
2.4:i0 ! 
1.789 
597 
415 ' 
386 ' 
384 , 
379 

388 
402 
783 
4S2 
1.445 
1,328 ' 
618 
408 
388 i 
385 
385 
438 ' 



619 



390 

388 

422 

478 

1.226 

1, 158 

500 

413 

414 

410 

414 

1.097 



RU.V-OFF. 

Total for ' 

month in Second- 

acre-feet 'i Depth in ' feet per 
inches. . square 

'l j mile. 



610 



I: 



61,047 

163.221 

144, 5?5 

110,024 

36, 715 

24,692 

2.1,740 

22.848 

23,308 

23,862 
22,311 
48.154 
26,894 
88.867 
79, 016 
38.007 
25,092 
23,086 
23, 677 
22,907 
26,937 

448. 810 



23.985 
22,310 
25,953 
28,441 
75,400 
68,782 
31,119 
25. 399 
24, KW 
25.584 
24, 633 
67, 465 

443.704 



2.76 
7.38 
6.55 
4.98 
1.66 
1.12 
1.07 
1.04 
1.06 

1.08 

1.01 

2.18 

1.22 

4.02 

3.58 

1.72 

1.14 

1.04 

1.08 

1.05 ; 

1.19 

20.31 



2.48 
6.41 
5.87 
4.32 
1.44 
1.00 
0.93 
0.93 
0.92 

0.94 
0.97 
1.89 
1.09 
3.49 
3.12 
1.50 
0.99 
0.93 
0.03 
0.93 
1.06 

1.50 



DISCHARGE OF WEST CARSON RIVER AT WOODFORD, 

CALIFORNIA. 

(Drainage area, 70 square miles. i 



MOIfTHS. 



DI8C11ARUE IN KE<'OXD-FEET. 



!• 1890. 

April 9 to 30. 

May , 

June , 

July , 

August 

September 

October , 

November 

December 



1.08 


0.94 


1.00 


0.94 


1.17, 


1.02 


1.29 


1.15 


3.41 ! 


2.96 


3.11 


2. 81 


1.40 ' 


1. 22 


1.15 


1.00 


1.12 


1.00 


1.16 


1.01 


1.12 i 


1.00 


3.06 


2.65 



20.07 



1.47 



1891. 
: January . . 

February . 
i March 

April 

I May 

June 

' July 

I A ugast . . . 
' September 
I October... 
I November 
. December. 



I'eraunum. 



1892. 
January . 
February 
March . . . 



Maxi- 
mum. 



448 I 

924 : 

1,284 I 
606 ' 
240 
86 
78 
58 
58 I 

62 I 

58 

68 

384 

740 

456 

280 j 

78 

.'>0 

54 

50 

54 

740 

-- 1 

46 ' 
54 

74 



Mini- 
mum. 



Mean. 



145 

318 

448 

252 

90 

70 

54 

46 

42 

46 

42 
50 
62 
300 
260 
82 
.W 
34 
42 
38 
42 

34 

42 
38 
54 



284 

657 

614 

380 

135 

75 

67 

49 

53 

52 

48 

61 

127 

534 

338 

130 

65 

41 

48 

43 

47 

128 

45 
46 
65 



RUN-OFF. 

Ii 

Total for | 

month in ] Second- 

acre-feet. Depth in { feet per 
inches square 
mild. 



16,898 , 
40.405 
36.533 
23,370 
8.302 
4,462 ; 
4.120 
2,915 I, 
3,2.59 

3.198 ' 
2,664 

3, 758 '1 
7,556 , 
.32,820 ' 
20,111 
7,995 
3.997 
2.439 ' 
2.952 I 
2. 558 ' 
2,890 I 



92,038 

2,767 
2.645 
3,907 



4.56 
10.83 
9.79 
6.27 
2.23 
1.00 
1.10 
0.78 
0.87 . 

0.86 

0.71 

1.01 

2.02 

8.79 

5.38 

2.14 

1.07 

0.65 ' 

0.80 . 

0.69 

0.77 

I 

24.89 ' 



4.06 
9.40 
8.77 
5.43 
1.93 
1.07 
0.96 
0.70 
0.76 

0.74 
0.69 
0.87 
1.82 
7.62 
4.83 
1.86 
0.93 
0.60 
0.60 
0.61 
0.67 



0.74 
0.69 
1.07 



1.83 

0.64 
0.66 
0.93 



DISCHARGE OF MAIN CARSON RIVER AND FLUME, NEAR EMPIRE, 

NEVADA. 



(Drainage area, 894 square miles.) 



1890. 
April 10 to 30 . 

May 

June 

July 

August 

September 



2,307 
6,278 
4.276 
3.115 
1, 421 
215 



1.337 
1,751 
2,311 
1.491 
215 
131 



1.565 
3, 475 
3, 143 
2.159 
756 
144 



93, 117 
213, 712 
187. 008 
132, 550 

46.494 
8..'V68 



1.95 
4.48 
3.92 
2.79 
0.98 
0.18 



1.75 
3.89 
3.52 
2.41 
0.85 
0.16 
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Elko county is in the northeastern corner of Nevada, adjoining Idaho on the north and Utah on the east. 
The greater part of the county is on the liead waters of the Humboldt river, containing the catchment areas of the 
north, east, and south forks, which unite to form that stream. On the extreme north it also contains the head waters 
of Salmon creek and Bruneau river, which flow north into the Snake, and the east and south forks of the Owyhee 
flowing northwesterly into Idaho and Oregon. The northern part of the county consists of a great plateau 7,000 
feet and upward in elevation, little known except perhaps to prospectors and to a few cattle men. In the southern 
part of the county, however, the topograi>hy is similar to that of the rest of the state, namely, high mountain ranges 
trending in a north and south du*ection with long, naiTOw valleys between them. Prom some of these mountains, 
as, for example, the Ruby and Humboldt ranges, a large amount of water flows in the various streams during the 
spring and early summer, thus rendering possible the cultivation of land along the base of the mountains. The 
agricultural land of the county is scattered, being in small i)atches where a stream comes out from the canyons 
upon nearly level land. Cattle raising is the chief industry, and irrigation is carried on mainly for the purpose of 
obtaining hay for winter feed, and to a less extent for pasturage for the stock, for which as a rule the larger part of 
the feed is found in the higher valleys among the mountains. A comparatively small amount of grain is also raised, 
as well as some vegetables for home use. The acreage in small grains has diminished during the pa«t few years, 
owing to the lack of markets and to the high freight rates. As a rule the lands formerly used for grain have been 
planted to alfalfa or other forage crops and are being converted into hay lands. 

The crop area as a whole has diminished owing to the droughts of 1888 and succeeding years and the unusually 
severe winter of 1889-1890, during which a great part of the cattle perished, in a few cases as high as 90 per cent. 
The expense of transportation is so great that with the decline of mining industries farming has hardly held its 
ground, and considerable hardship has been experienced by the greatly scattered agricultural population. The 
water supx)ly as a rule is in ordinary seasons ample for present needs, except perhaps during the latter part of 
the year. The ranches being some distance apart and in most cases each upon its own mountain stream or group 
of springs, there is little complaint of interference of water rights. 

In many localities the storage of spring water is necessary to insure a constant water supply and an increase 
of cultivated area. There are a number of excellent reservoir sites in the county, especially on the south fork of 
the Humboldt, where there is an abundance of water from the Ruby mountains; also on Bishop creek and on the 
head waters of Mary river and north fork of Humboldt, as well as on Susie and Maggie creeks. There is 
api)arently ample water to fill reservoirs each year, and if built they will be of value not only to this county but 
also to lands in Eureka, Lander, and Humboldt counties along the course of the river. In one instanc^e at least 
storage reservoirs have been constructed, and they are rei>orte(l to be a financial success to the owners. 

There are a great number of valleys in this county, on the edge of each of which are ranches utilizing nearly 
all of the available water. The principal groups of ranches are those in the vicinity of Tuscarora, on the head waters 
of the south fork of the Owyhee, and of the streams flowing southerly into the Humboldt; also along the east fork 
of the Humboldt from Wells westerly, along the western side of Ruby and Clover valleys, and on the south fork 
of the Humboldt. The methoils of irrigation practiced in all these localities are of the simplest and least expensive 
kind. The streams diminish greatly in size or become dry in July, and therefore as much water as possible must 
be used early in the season. The irrigating ditches are i)lowed out to a size sufficient to bring water out of the 
stream bed, in which it is prevente<l from flowing by rough dams. The higher "sage brush" lands in general are 
planted to alfalfa, and the lower to grasses, timothy and redtop doing well on the l>ottom lands. By the irrigation 
of the alfalfa on the higher, more porous soil, the lower grounds usually become thoroughly wet and almost 
swampy in places. It is thus a matter of difficulty to make careful comparisons of cost and values of this kind of 
irrigation with those where the methods are more highly developed, for here, where thousands of acres are wet by 
simple diversion of a stream upon the higher edge of nearly level land, it becomes almost impossible to obtain with 
any exaetness the crop area actually irrigated, since the distance the water i)enetrates and ccmsequent area 
covered vary greatly with the season and character of the soil. 

Esmeralda county is in western Nevaila lying along the state line adjacent to California, and having a 
general northwesterly and southeasterly direction. The northern half of the county is traversed by a narrow 
gauge railroad connecting with the Central Pacifier at Reno and running south to Owens lake in Inyo county, 
California. The East Walker river rises in the Sierra Nevadas north of Mono lake in California, and flowing 
easterly and northerly, crosses the state line into Esmeralda cx)unty, and continues northerly into Lyon county, 
where it joins the West Walker. The main stream flows first north, then east, then southeast, returning into 
Esmeralda county, and emptying into Walker lake, whose waters escape only by evaporation. The portion of the 
East Walker which is inclu(le<l within the county lines and the streams immediately tributary to it furnish the 
greater ])art of the water su])i)ly available for agricnlture. A number of small streams, however, issue from the 
mountains to the east of the Kast Walker river and furnish a small supply of water for the broa^l valley to the 
south of Walker lake. 

The situation of this county in the valleys beh)w the main range of the Sierra Nevadas adds to the difticulties 
of (levelo|)ing agiiculture. The best reservoir sit^is are in another state, being on the head waters of the East 
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Walker in Mouo county, California. There the waste wat^r of the spring could be held to advantage for use upon 
the fertile valleys of Esmeralda and Lyon counties were it not for complications arising from state lines. 

The unregulated water supply is so uncertain that the development of the resources without water storage is 
imi)ossible. In 1889 the Walker river was dry in Mason valley, owing partially perhaps to diversions of water in 
Mono county, California. Several of the smaller tributaries of the East Walker, which rise within the borders of 
the county, can be wholly controlled, and small reservoirs can be constructed upon them, thus obviating any 
interstate complications, and there are probably other sites suitable for water storage on the small streams 
entering the larger valleys, so that many thousand acres can be redeemed even if the better sites in California are 
not utilized. 

As a rule, owing to its scarcity water is used a little more economically in this county than in localities farther 
north. Irrigation is usually by means of small furrows about 30 inches apart, or by the check system, small ridges 
of earth being thrown up to hold the water to a given depth over each part of the field. Along the streams there 
are a few small meadows where clover, wire grass, and the native redtop receive sufficient moisture to grow, but 
these are of little importance in comparison with the irrigated forage crop. A great part of the lower ground is 
impregnated with various mineral saltan, often requiring one to three years' irrigation before these are washed 
out. In some of the valleys the concentration of these salts, borax especially, is so great that they become a source 
of revenue. 

Eureka county is a little east of the center of Nevada, and comprises a narrow strip extending in a north 
and south direction, its northern end being crossed by the Humboldt river, along which are a number of ranches. 
It lies south and west of Elko county, to which it is similar in many respects, a description of the irrigation in that 
county applying to the condition of affairs in this. It has an advantage over some of the other counties of the state 
in being traversed by a north and south line of railway, which connects with the Central Pacific at Palisade and 
extends scmtherly to Eureka and to the mines at Ruby Hill. This railroad was built for the purpose of transporting 
mineral products and lumber, and is of less importance to agriculture, on account of the high rates for freight. It 
carries a comparatively large tonnage of hides and wool. Away from the vicinity of the Humboldt and of Trout 
and Pine creeks the water supply of the county is very scanty, and the prospects are not encouraging as to 
future development of agriculture by irrigation. 

Humboldt county is in northwestern Nevada adjoining Oregon, and separated from California only by the 
comi)aratively narrow Washoe county. It contains the lower course of the Humboldt river and the greater part 
of the sink where the waters of this river disappear by evaporation. The surface of the county consists of 
alternations of short mountain ranges rising to heights of 7,000 or 8,000 feet above sea level, some of the peaks 
reaching altitudes of over 9,000 feet. Lying between these ranges are hearly level valleys, the soil of which has 
been deposited from ancient lakes, or hits been made by the action of wind and rain in bringing particles from the 
mountain masses. Among the mountains are many springs, wliich sometimes unite to form small streams. These 
brooks and creeks are swollen during the spring by the melting snow, and their waters flow out upon the desert 
valley land, but during many months of the year their beds and channels become dry, except high among the 
canyons. 

The Humboldt is a river of entirely different chai'acter from the streams issuing from the Sierra Nevadas, so 
that direct comparisons can not be made. In many respects it is more like the Owyhee and the Malheur of eastern 
Oregon, which rise diiectly north of the Humboldt and flow in a general northerly and easterly direction into the 
Snake. Series of gaugings have not been made on the Humboldt, but two measurements are given. by Russell in 
his monograph on lake Lahontan. These measurements were made below the mouth of the Little Humboldt, where 
the total drainage area wa^s 10.600 square miles, that of the Little Humboldt alone being 1,650 square miles. The 
discharge on September 10, 1881, when the river was at the lowest stage of the year, was 48 second-feet, and on 
July 17, 1882, it was 750 second-feet. At this latter time the height of the river had fallen 3 feet from the 
maximum of the year and was declining rapidly, the discharge two weeks later being nearly one-half the amount 
given. A still later measurement of the river during a June flood showed a discharge of over 2,000 second feet. 
Humboldt lake, into which this river discharges, is reported to have been dry in 1879, but following this time 
of drought came high water which raised the lake until in 1882 it stood at a higher level than immediately 
before the drought. The amount of water in this lake, as in the case of all the other sinks of rivers, gives 
evidence as to the quantity which might be held by storage at points higher on the stream, and without further 
discussion it is evident that great areas can be brought under r.ultivation by thus storing tlie water and preventing 
the waste by evaporation as the water finds its way down the long sandy channel of the stream. 

The prin(!ipal streams of the county, besides the Humboldt, are King, Quinn, and Little Humboldt rivers. 
Quinii river rises in the valley between Disaster peak on the west and the Santa Rosa mountains on the east. It 
flows southerly througli this valley, its channel turning westerly around the northern end of Jackson mountains 
to Hlackrock desert on the western side of the county. During the time of melting snow a considerable amount 
of water flows down tlie channel to the desert, whose surface is so level that the water spreads out into a large 
lake of many miles in extent, but having a depth of only a few inches. This lake dries again in a few weeks, 
leaving the <lesert perfectly arid for the rest of the year. 
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King river rises in the valley to the west of the head waters of Quinn river, and flows southerly, its channel 
joining that of Quinn river above Blackrock desert, in floodtime, therefore, it contributes its share toward 
converting the desert into a lake. The Little Humboldt receives its water from the east side of the Santa Bosa 
mountains, south of the head waters of the Little Owyhee river, a portion of the Columbia drainage. The waters 
tributary to this stream seldom reach the main channel, although at times of unusual flood the Little Humboldt 
flows south to the Humboldt, joining it above Winnemucca. It may be said of the streams of this county that 
for the brief flood time of spring there is an excess of water which spreads out and fills the low valleys, while for 
the rest of the year not a drop of water is to be had except from an occasional spring in the mountains. 

The Humboldt river itself is the only exception to this rule as to complete drought during the greater part of 
the year, for wat.er has flowed continuously i^ its channel down to the Humboldt sink for 30 years at least, except 
in 1889. During this year of unusual scarcity the water was entirely used by the ranchmen along the upper 
courses of the river, little, if any, reaching the lower meadows. For this reason thousands of acres of hay land 
which had be^n cropped continuously for some years did not yield sufficient to repay the trouble of cutting. 
This condition may be regarded as unusual, but as it has occurred once the probabilities are that it will happen 
again, esjiecially as the tendencies are toward greater and greater diversion of the water of the tributaries of the 
Humboldt. 

The irrigators along the lower course of the river are anxious to secure some system of storing the excess 
water of the spring, for they fear that they will be deprived of their supply more frequently in future. The 
irrigators having ranches trom Winnemucca down to the Big Meadows, where the soil is especially fertile, as a 
general thing, have first right to the water, but in si)ite of this fact they are not able to secure the amount to which 
they are probably entitled by prior appropriation. Lawsuits have been tried in the hope of compelling irrigators 
higher on the stream to turn down the water, but this, as is generally the case, has been of little real benefit. It 
seems practically impossible, in spite of laws or regulations, to compel one man to deliberately destroy his own 
property by turning away water in order to benefit individuals 100 miles away. 

The principal body of irrigated land is along the Humboldt river and down toward the sink. Much of this 
rich land is very low, and it is hardly necessary to dig ditches to bring water upon it, for the annual rise of the 
river produces a natural irrigation, or in many cases water is raised and diverted by a dam across the river, 
causing large areas to be overflowed. Later in the season much of this ground is wet from beneath by seepage 
through the subsoil. Thus it is exceedingly difficult, if not impossible, to distinguish between the crops raised by 
irrigation, as the term is commonly employed, from those raised by the perfectly natural methods of overflow and 
seei)age. The greater part of the land of the county is irrigated for hay, the acreage of cereals and vegetables 
being almost insignificant. The size of the ranches is very great, each containing several hundreds or even 
thousands of acres. On the irrigated land the heaviest of the hay only is cut and the cattle are turned in to graze 
upon what is left. 

In Paradise valley on the Little Humboldt are large ranches irrigating hay crops principally, and there are at 
least 20 ditches tiiking water from Martin creek, the principal tributary of the Little Humboldt. This stream rises 
among peaks of the Santa Rosa mountains, whose heights are upward of 8,000 feet, and therefore it receives a 
comparatively large amount of water. On the head waters of Quinn river there is some irrigation for the purpose 
of raising feed for cattle and for small patches of grain and gardens. All the natural supply of this river has long 
since been appropriated. Besides these localities are several places, as in Pleasant valley south of Winnemucca, 
where irrigation is carried on near the foot of the mountains. 

Landeu county is nearly in the center of ^Nevada, lying southeast of Humboldt county. Like Eureka 
county it extends in a general north and south direction and is traversed by a railroad running from Battle 
mountain on the Central Pacific to Austin, the headquarters for the mining and stock raising trade of that part 
of the state. Huniboldt river crosses the northern end of the county and lieese river flows from the south, 
in time of flood contributing to the Humboldt. During the latter i)art of the summer and in the fall the river 
channel is dry at some distance above the junction of these two streams. There are thousands of acres of fertile 
land along Reese river, for which there is no apparent supply of water. From the head waters downward 
the stream in times of low water disapj)ears in the sandy channel, water reappearing at various ]N)ints where 
springs rise in the bed or sid(»s. Cattle ranches are scattered throughout the county wherever there is water to 
be found for the stock an<l all of the streams are utilized in most seasons to their full extent for flooding the hay 
crops. In Smith Creek valley and also in lieese valley near Battle mountain are flowing wells of a depth of from 
150 to 750 feet. The water from these wells is used for stock and the excess is allowed to flow out upon the ground, 
watering one or two acres of grass or occasionally small gardens. Along the Humboldt river are places, as in 
Eureka and Humboldt counties, where by the spring overflow of the river crops of hay are raise<l. 

Lincoln county is in the southeastern corner of Neviwla, ailjoinmg I'tah, Arizcma, and California. It 
extends from the ( 'olorado river northerly half the length of the state, embracing on the south a great portion of 
the lowest part of the state, areas <;f considerable size near the Colorado river being below an altitude of 2,000 
feet. The annual rainfall is very small, being from 8 inches down to less than 1 inch. The average for over 5 
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years at Pioche, where the altitude is about 6,200 feet, has been 6.5 inches. The southern and lower portions of 
the county are thus exceptionally dry, and the climate is semitropical in character, so that wherever water can 
be obtained the more valuable fruits can be raiseil, as well as cotton and sugar cane. 

The principal agricultural settlements are along the Pahranagat valley; also along Muddy river, which flows 
into the Virgin, and on the Virgin river. The water supply of the Pahranagat valley is derived from a number of 
large springs which rise at intervals along the mountains. The most northerly of these is known as Hiko spring. 
About 5 miles south of this are Crystal springs, and farther south is Ash spring. The farming land lies in a 
narrow belt about 30 miles long and less than a mile in width. The springs deliver a nearly constant supply of 
warm water, which flows down the valley and forms a lake at the southern end. The lowest land wjis formerly a 
marsh, and requires draining followed by irrigation. In faet, the farmers on the lowest gi'ound complain that for 
a large part of the year their land is under water, while the rest of the year they may suffer from drought. Above 
the low bottom land is a broad bench, furnishing excellent grazing for cattle during certain seasons of the year. 
If the water of the springs could be conducted out upon a portion of this bench by means of well built canals a 
larger area of better land could be brought under cultivation. With the present lack of markets and the 
impossibility of transporting the produce, it is doubtful whether such i)rojects would repay their cost. At i}resent 
the principal occupation is stock raising, and only sufficient of the small grains, vegetables, and fruits is produced 
to supply local consumption. 

Along Muddy river, in the vicinity of Moapa and Overton, are a number of ranches, on each of which a 
small amount of grain is raised. On Virgin river the farms in the \icinity of Bunkerville are in many ways 
similar to those in Washington county, Utah. The betl of the river is constantly changing, rendering irrigation 
difficult and expensive, and the occasional heavy summer storms not only destroy crops but even wash away 
portions of the agricultural land. The climate is so favorable that the most valuable crops can be raised with 
success, and 5 cuttings of alfalfa can often be obtained. In this hot climate water must bo used with great care 
on account of the presence of alkaline salts in the soil. In many cases the water can not be applied directly to the 
surface, for on evaporating it leaves a thin crust through which the young jilant can not penetrate. The water is 
applied by means of small ditches or furrows at intervals of 30 or 40 feet, covering the. field, the water saturating 
horizontally the intervening space but not wetting the surface. 

Lyon county i§ in western Nevada, a portion of it lying between Douglas and Esmeralda counties, the 
greater part, however, being to the east of the cities of Carson and Virginia. It is in general form somewhat the 
shai)e of a four-pointed star, one narrow projection running northward to the Central Pacific railroad, another 
westward up the Carson river to the quartz mills, the third eastward along a portion of the lower Walker river 
and out upon the desert south of Carson lake, and the fourth projecting southwesterly up the main Walker and the 
West Walker for a portion of its course, Jind then leaving the river continuing in a narrow strip to the state line 
of California. It thus includes Smith valley on the lower part of the West Walker river. Mason valley on the 
main Walker, and Churchill valley on the Carson. 

The i)rincii)al agricultural areas are in Mason valley, where the Bast and West Walker rivers unite. Here 
the altitude is a little under 4,500 feet, and the climate is highly favorable for fruits, as well as for various crops. 
In Mason and Smith valleys large areas are irrigated for alfalfa, two to three cuttings per year being obtained, 
and in many cases the cattl^ find pasturage on these same fields in early spring or late fall after the crop season. 
There being little or no market for this alfalfa it is fed for dairy puri)ose8 or for raising beef cattle. The lack of 
transportation facilities retards the development of these valleys. The land at present under cultivation is in area 
almost insignificant with that which might be cultivated by a better supply of water. The amount from the 
Walker river is nearly all utilized during the latter part of the crop season, and in years of drought there is scarcity 
for the land now cultivated, as in 1889, when there was large loss, i^articularly in the second crop of alfalfa. As 
in the case of the Truckee and Carson rivers, water storage seems to be the main hope of the irrigators, although 
ai)parently there is no present prospect of realizing any of the schemes, as the best storage sites are across the line 
in California. Water for use in Smith valley might i)ossibly be held by a reservoir on or near West Walker river 
in the lower end of Antelope valley, and in the same way that for Mason valley in the lower end of Smith valley. 

The ranches are mainly in the hands of a few i)ersons owning large acreages, and the tendency seems to be to 
increase the average size of irrigate<l crop i)er farm rather than to diminish it. It is almost impossible for a settler 
to take out a new ditch to supply his lan<l, and the expense of buying rights in an old ditch is too great for a poor 
man. A large amount of land is held for stock raising or for speculative purposes, so that the population increases 
very slowly. Along the Carson river in Churchill valley are a few irrigated areas, the principal crop being alfalfa. 
For these low, level lands there is often an excess of water in the latter part of May or early in June, followed by 
a drought later in the season. Storage could probably be provided for this flood water by utilizing some of the 
reservoir sites higher up the stream, in particular that in the lower end of Carson valley in Douglas county. The 
quartz mills along the river from Empire to Dayton, up stream from these agricultural lands, have first claims 
to the water, and the efforts of these mill owners to secure an ample supply during periods of drought will be of 
benefit to the agricultural land beh.w, since the water after being UvSed for power is returned to the river. There is, 



188 IRRIGATION. 

however, a conflict of interest between the irrigators in the Carson valley above the mills and the irrigators farther 
down, the development of agriculture in the upper valley tending to decrease the supply for the lower. 

Examples of the ditches of this county may be given. The Weston and Campbell ditch, taking water from 
the main Walker river and carrying it northerly toward Wabuska, is 8 miles long, averages 8 feet wide, and is 
owned by private parties sharing the water among themselves. The Dayton Ditch Company takes water from 
the Carson 1.5 miles above Dayton, carrying it out on the south side for a distance of 5 miles, covering land in the 
vicinity of Dayton. The average width is 6 feet and it cost about $10,000. There are three reservoirs on this ditch, 
each holding an amount of water equivalent to that usually flowing during 12 hours in the ditch. By this means 
the water flowing during the night is held for use on the next day. The Hougham and Howard ditch takes water 
from the Carson river about 16 miles below Dayton and carries it out on the north side for a distance of about 5 
miles. The average width is 8 feet and it cost probably $5,000. The water is taken from the river by a permanent 
dam 6 feet in height, raising the water so that it flows into the ditch. The water in the river at this i)oint has 
never completely failed, although failure has been reported both above and below. 

Nye county is in south central Nevada, extending from the head waters of streams tributary to the 
Humboldt southerly to the California line. It embraces a great area of rough mountain ranges and nearly level 
barren valleys, whose only perennial water supply is from an occasional spring of cold or hot water often 
charged with mineral matter. In April and May, when the snow melts upon the high ranges, streams are formed 
which rush down the sides and out upon the valleys, forming short lived lakes or marshes. During these months 
vegetation springs up and aftords excellent pasturage for live stock. Wherever water can be had for cattle to 
drink there the hardy ranchman has taken up his abode. If there is sufiicient water for irrigation, various forage 
crops are raised for hay for winter feed ; also small areas are planted to wheat, barley, oats, and vegetables. Among 
the mountain ranges are large deposits of mineral wealth, but the difficulty of transportation renders these almost 
valueless at present. 

The principal crop areas are in the northern end of the county, where the altitude is greater and the water 
supply more abundant. On the head waters of Eeese river, which flows northerly through Lander county, there 
are 20 or more ranches from the source of the river down to Austin. The water in this stream usually begins to 
fail about the middle of June, and is short at the time when most needed, in July. The altitude of this valley is 
from 6,000 to 7,000 feet. The seasons vary from one year to another, and irrigation sometimes begins in early 
April, or in other years on the first of May. The water supply for this valley, as well as for that lower in Lander 
county, could be improved materially by storage, but it is questionable whether with the present value of products 
this would be profitable. 

In Big Smoky valley, to the east of Reese river, there is a small amount of irrigation fix)m springs and from the 
creeks which flow in the early part of the year. The seasons, however, are short, and the valley is cold and subject 
to frosts. In the eastern end of the county, on Duckwater creek and White river, are a few ranches, the altitude 
here being a little less than in Big Smoky valley. In the southern end of the county is the great Ralston desert, 
south of this the Amargosa desert, and southeast of this Pahrimp valley, where there are a number of ranches. 
The altitude of this valley is less than 4,000 feet, and it has a comparatively good water supply in a few localities 
by the drainage from Charleston peak, which rises to an altitude of over 8,000 feet. The ditches of this county are 
all small, being taken mainly from springs or from the fluctuating mountain torrents. The Gooding ditch may 
be given as an example, taking water from the west side of the Reese river. The total length is 2.5 miles, width 
3 feet, cost about $250, and area irrigated nearly 200 acres. 

Obmsby county includes a small area on the western side of Nevada, extending easterly in a narrow belt 
ftx)m lake Tahoe on the west across the Tahoe range and Eagle valley to Pinenut mountains. It is the smallest 
county of the state, comprising only 144 square miles, the greater part of this being mountainous. It includes the 
state capital at Carson, and in population ranks third in the state. The agricultural land of the county is mainly 
on the west side of Eagle valley at an altitude of 4,600 to 5,000 feet. The water supply is derived from streams 
flowing easterly from the Tahoe range, the principal of which are those in Ash and King canyons, and also Clear 
creek. A nunibf'r of small farms are cultivated by the use of several of the cold or warm springs which occur in 
the valley. The Carson river flows through the eastern part of the county mainly in canyons, and its waters are 
not used to any considerable extent in this county. A large increase of agricultural area can be rendered ])0S8ible 
only by the construrtion of storage reservoirs mainly to the we^t of Eagle valley. By i^roviding eflicient storage 
the lands in Eagle valley, especially those on the eastern side, now unutilized and worth from $1.25 to $5 per acre, 
would be worth from $25 to $50 per acre. There are a number of sites suitable for water storage, but the expense 
of construction, doubts as to iK?rmanence of title to the stored water, and questions as to financial success, as well 
as the general la<k of co-operaticm among the land owners, have retarded develoinuents in this line. In general it 
may Ix* sai<l that those irrigators having a supply of water suflicient for present needs do not fully a]>])reciate the 
necessity of increasing the water supply, while the farmers who do not have ample water are often too poor to 
materially aid such projects. 
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Storey county comprises a small triangular shaped area of mouutaiuous country lying south of the Truckee 
river and east of the Washoe range. It is wholly a mining region, agriculture and stock raising having little qv 
no importance in comparison with the mineral wealth. Tl^e population of the county is concentrated at Virginia, 
the population of that place, namely, 8,806, being nearly one-fifth that of the entire state. 

Washoe county extends in a long, narrow strip along the western edge of ^Nevada from Oregon nearly to 
Carson, the cai)ital of the state. The principal part of the tilled land, as well as the population, is in the extreme 
lower end of the county in the vicinity of Reno on the Truckee river. The greater portion of the county north of 
this point is composed of irregular mountain areas surrounded by nearly level plains made by the sediment 
deposited from the waters of the ancient lake Lahontan. The soil is rich in many places, but the water supply is 
scanty and wholly insufficient for the needs of an agricultural population. The county also contains Pyramid lake, 
one of the two bodies of saline water into which the Truckee empties. The land under cultivation is principally in 
the vicinity of Reno, on the Truckee meadows, extending southerly up Steamboat valley. Water is derived from 
the Truckee river and from the small streams which flow easterly from the Tahoe range. The lower lands are wet 
partially by direct irrigation from ditches, but also in an indirect manner by seepage and by overflow during the 
spring floods. 

In Ticmon and Spanish Springs valleys, lying north and northeast of Reno, are thousands of acres of fertile 
land unutilized for lack of water. It is possible to bring under cultivation a large portion of this rich land by a 
system of storage of the waters of the Truckee river and by high line canals leading from the river or Irom these 
storage works. The expense, however, will be very great, and it is not probable that enterprises will be inaugurated 
for many years, as much of the land belongs to individuals who can not co-operate in a project requiring enormous 
capital, and also because many of the necessary storage sites are within the state of California, and are owned by 
persons who hold them at large prices. The amount of land under irrigation, however, can be greatly increased, first, 
by a more careful utilization of the amount available from the Truckee, and, second, by making use of smaller 
storage sites within the state of Nevada, particularly those near the base of the mountains. 

The irrigators in this county look toward lake Tahoe as the great reservoir site, and believe that future 
development will rest largely upon the utilization of this lake; "but from the reasons previously given, namely, the 
relatively great areii of the lake and small di^inage to it, as well as the fact that the outlet lies in California and 
is controlled in the interests of lumber men, it seems highly improbable that the county will receive as much benefit 
from this lake as from smaller projects. Water storage has been begun in a small way by making use of Washoe 
lake. A stone dam has been built across the outlet and Galena creek diverted by a ditch about G miles in length, 
so that the surplus water of that creek can be turned into the lake. The cost of this enterprise has been a little 
over $11,000. The principal obstacle was in the fact that the land around the lake is owned by private parties, 
each of whom was injured to a greater or less extent by raising the surface of the lake. Other storage schemes 
for holding waters among the foothills have not as yet been attempted on any extended scale. 

On the hills and lower mountains is a natural grass most excellent for grazing, furnishing pasturage for 
large numbers of sheep and cattle. In many of the valleys in which water is too scarce for irrigation the small 
amount available is sufficient for stock ranging i\\^ou the hills. In many places wells have been successfully put 
down, as, for example, in Lemon valley, where windmills are used for raising water for cattle. Large quantities of 
alfalfa are cut for winter fee<l for the stock, two and sometimes three crops being had in a season. It is irrigated 
three or four times, while the wheat is usually irrigated four times, XK)tat<>es ^ve times, and garden vegetables even 
more frequently. 

Measurements of the amount of water in the Truckee river and its tributaries have been made at various jmints, 
•mainly in the vicinity of Boca, California, and in the vicinity of Heno. This river may be considered as beginning 
at Lake Tahoe, whose drainage it receives. The outflow fnmi the lake into the river on July 4, 1889, was 136 
second-feet. The amount declined rapidly until on August 8 the outflow was 75 second-feet and on August 18 
only 49 second-feet. 

The first tributary of importance below the lake is the creek draining Donner lake and Cold Creek valleys, 
entering the Truckee from the north or left hand side. On June 28, 1889, the discharge of Cold creek alone was 
11 second-feet, and on July 3 the united discharge of Cold creek and Donner creek was 18 second feet, a nearly 
equal amount coming from each valley. On July ii this total had declined to 10 second f<*et, falling off* rapidly 
until in August it was less than 2 second feet. The total drainage area of both creeks is about 30 scpiare miles. 

The next tributary of the Truckee is Prosser creek, which drains Twin valley, flowing into the Truckee a 
short distance above Hoca, Cal., and having a total drainage area at this point of 50 square miles. The discharge 
during April, 1889, nveraged 100 second feet ; in May, 259 second-feet; June, 110 second-feet; July, 17 second feet; 
August, 3 second feet, and 8ei)tember, 2 see* md feet, the stream during these latter months being nearly dry. In 
1890 the average <Iischarge during April was 340 second-feet; during the latter part of May, 817 second-feet; 
during June, 580 second feet; July, 382 second feet, and August, 102 second feet, the average from April to 
August being in the two years, respectively, 98 second-feet and 444 second-feet. The discharge of the Little 
Truckee, flowing into the Truckee at Hoca, Cal., is given in the table on the foUowing page. 
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DISCHARGE OK UTTLK TRUCKEE RIVER, KK\R HtM'A, CALIFORNIA. 
(Unlnngf ana. ITS iiquan nii1«a,i 



Mflii- lliui- j,^„ u-r. 



,..a. I 



. I Depth in , feci per 



Till' Truekec river itself was meattitrisd near Essex, Nev., <luriD}r the auiiiiiier of 1889, giving tlie following 
iliscbitrgea: for May an average of 2,314 sei-oiid-feet; .Piine, 771 pecoD<l'feet; July, 278 8econd-teet,aud August, 200 
socond-feot. Tbe drainage area is 901 stiuare miles. During the following year uieasureuieuts were made taifflier 
u]i the stream at a point below Boca, Cal., where the drainage area was 902 square niilea. Here the discbarges 
were during the luHt week in March 637 second-feet, averaging in April 2,761 second-feet, and raogingduring this 
month front 560 seeoud-feet tu 5,71(i second-feet. lu May the average was r),375 second-feet, reaching the maximum 
of the year of 7,172 second-feet; in June the average was 4,:^1 aecond-feet; in July, 1,870 secoud-feet; August, 
7;«i second-feet; September, 513 second-feet, and October, riSS secoud-feet. 

The discharge of the Truckee was also measured during 1890 at Vista, 8 miles below Beno, the drainage area 
l>eing 1,519 square miles. This point in below the Truckee meadows and above the lower canyon of the river, thus 
giving the discharge available for use tii>OD the plains in the vicinity of Wadsworth. In general the discbarge 
here is less than at Boca or points above Keno, Irom the fact that a large part of the water is diverted for use upon 
lands in the \icimty of Keno and sonth of it in Warm Spring valley, (a) 
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There are a number of large irrigating ditches in the vicinity of Reno, each taking water from the Truckee 
and carrying it north or south of the river in nearly parallel courses. The watersof the higher ditches tendtopa^ss 
by seepage toward the lower, and they probably increase the amount in the lower ditches to a small extent. Taking 
the principal ditches in order, those on the north side are the Highland, Orr, Sullivan, and North Truckee, and on 
the south side the Steamboat, Last Chance, Lake, South Side, and Cochran. 

The Highland ditch heads about 9 miles above lieno, is 15 miles long, 9 feet wide on top, and G feet wide on 
bottom, with an average dei)th of 3 feet. Its capacity is estimated to be 32 second-feet, irrigating 1,209 acres. 
The Orr ditch heads about 4.5 miles west of Reno, and flows in a general northeasterly direction through a portion 
of the town, the toUil length being about 9 miles. The top width is 12 feet, bottom width 8 feet, depth 4 feet, 
capacity estimated to be 77 second-feet, irrigating 2,()00 acres. There are two extensions of this ditch, the 
Orr Eastern ditch and the Orr and Hayden ditch. It is estimated that the land under this ditch requires 
about 1 miner's inch of water to the acre, a greater amount being used upon new land. Water is delivered to the 
distributing ditches through measuring boxes, the amount being apportioned according to the estimated number 
of miner's inches. The pressure is usually taken as being (» inches, measure<l above the center of the opening, 
namely, in the case of a box 10 inches wide, if the gate is raised vertically 2 inches, the water should stand 6 inches 
above the center of this opening, or 7 inches from the bottom of the box, in order to deliver 20 miner's inches. The 
ownership is divided into 248 shares, at an estimated value of $200 per share, each share entitling the owner to 
10 miner's inches. Many of the shareholders do not own land, but rent the water to other persons. 

The Sullivan ditch begins in the town of Reno, and carries water northeasterly about 4.5 miles. The width is 
about 7 feet, and cost, approximately, $6,500. The ditch is owned by private parties, who divide the water 
proportionally among themselves. The North Truckee ditch heads about 2.5 miles east of Reno, and runs 
northeasterly for about 10 miles. The width is 9 feet, and cost, approximately, $5,000. The ditch is owned by 
farmers who have formed a cor^wration. 

The Steamboat ditch takes water from the south side of the Truckee 15 miles ^ove Reno, and carries it along 
the river and southerly toward Steamboat valley, a distance in all of ov^r30 mile^ Its capacity is rei)orted to be 
65 second-feet. The South Side Irrigating canal heads about 3 miles west of Reno, and carries the w^ater in a 
general easterly and southerly direction for a distance of 9 miles. The width is 6 feet, and cost about $16,000. 
The dit<;h is owned by irrigatoi-s, and the water is divided according to the number of shares owned by each 
individual, one share entitling the owner to approximately enough water to irrigate an acre. The Cochran ditch 
heads in Reno, and carries the w^ater southerly for about 8 miles. The wi<lth is 6 feet, and the ditch cost about 
$7,000. The first cost of water right is estimated to have been from $5 to $25 per acre, and the annual cost about 
25 cents i>er acre. These statements will serve to give a general idea of the size and cost of the ditches of this 
county. The laws of the state require that each ditch owner shall file a sworn statement giving a description of 
the ditch, its dimensions, capacity, grade, land irrigated, and other information from which data can be obtained as 
to the extent of appropriation of water. The statements regarding the capacity of the ditches are, however, open 
to question, being in general largely in excess of the amount of water actually carried. 
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DISflHAROR IN HRCONn-FfCKT. 



lfONTH8. 



Maxi 

mam. 



Mini- 
mam. 



Mc«i). 



Total for 
month in 
acre-fi-et. 



RUS-OFK. 



I)I8CHAKQE IN SECOND FEET. 



Depth in 
incheK. 



1890. 
Apnl26 to 30... 

May 

Juno 

July 

AugiiMt 

September 21 tu 30 

Octolier 

November 

December 



5,610 
7,510 
6.710 
:i. 7:jo 

1.152 
«25 

i.oao 

KJ5 



3,730 

3.200 

3,115 

1,185 

750 

570 

490 

400 



1891. 
January . . . 
February . . 

Manii 

April 

May 

June 



3, 1 15 
3 285 I 
2.730 , 



570 
1,090 
1,280 



4,406 

5,990 

4, 162 

2. 19H 

952 

682 

742 

765 

7.^0 

700 

650 

050 

1.523 

2.765 

1 905 



207,512 

'MS. nab 

247,6.(9 
135. 177 ! 
58, 548 
40.579 I 
45,633 ; 
45,517 I 
46. 125 

43. 050 
36,075 i 
39,975 
90,618 
170,047 
113.347 



3.30 
4. 55 
.1.06 
l.«7 
0.72 
0. .W 
0. 56 
0.56 
0.57 

0.54 
0.44 
0.50 
1.12 
2. 10 
1.39 



Second- 

feet per 

square 

mile. 



2.96 
3.94 
2. 74 
1.45 
0. 63 
0.45 
0.49 
0.50 
0.49 

0.46 
0.43 
0.4:t 
1.00 
1.79 
1.25 



.MONTH}*. 



1891. 

Julv 

AugUMt 

SeplemlH»r 
October — 
November 
December 



Maxi- 
mum. 



Mini- 
mum. 



Per annum.. 

1892. 

January 

Februarj- 1 to 20 

March 

April 

May 

June 

July 



1.345 
690 
670 
6:{0 
550 
TW 

3, 285 



755 

03G 

a'iO 

1.030 

1.120 

1.060 

530 



730 
300 
430 
510 
430 
370 



Mean. 



Total for 
month in 
acre-feet. 



RUN-OFF. 



Second- 
Depth in feet per 
inches. ' aquare 
mile. 



1|- 



945 
485 
558 

561 ; 

503 ' 
508 ' 



57,928 I 

29.730 

33,201 I 

34.389 

29,928 

31,242 









370 


980 


709.530 ! 


450 


593 


36. 469 


430 


505 


29, 0:i7 


550 


723 


44,464 


77S 


854 , 


50, 813 


590 


937 


87.025 ,1 

1 1 


370 


628 1 


37,366 


210 


32£ 

i 


20. 172 I 

1 



0.71 
0. 37 
0.41 
0.42 
0.34 
0..35 

H.69 



0.62 
0.32 
0.37 
0.37 
0.30 
0.30 

0.63 



0.45 


0.39 


0.36 


0.33 


0.55 


48 


o.6:j 


0.56 


0.71 


0.62 


0.46 


0.41 


0.25 


0.22 
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White Pine county is on the eastern side of Nevada, adjoining Juab and Millard coanties, Utah. The 
valleys are at an elevation of 0,000 to 7,000 feet, and the climate in many of them is too cool and frosty for 
agi'icultural success every year. The water supply is very limited, and wherever a spring is to be found its waters 
are employed to their full extent for the irrigation of alfalfa and grass, and to a less extent for produce for home 
consumption. The population is scattered in the numerous valleys; in Steptoe valley, for example, the ranches 
are from 1 to 10 miles apart, e^ich being near some small creek flowing from the mountains. The tilled areas are 
mainly in the vicinity of Cold creek in the northwestern corner of the county, in Newark valley near Eureka, near 
CheiTy creek or Schellbourne in the northern end of Steptoe valley, and all along down toward Taylor in the 
southern end of the valley. South of Cherry creek are the Campbell ditches, taking water from Warm springs. 
The total length is 6.5 miles, average width 3 feet, cost $2,000, and area irrigated about 1,200 acres, most of this 
being hay. This is a fair exauL])le of the small diti-hes owned by the various ranchmen depending upon springs 
for water supi)ly. 



NEW MEXICO. 



Total popnl at ion (average per aquare mile, 1.25) 153,593 

Number of owners of farms (2.90 per cent of popnlation) 4, 458 

Number of irrigators (69.20 per cent of farm owners, 2.01 per cent of population ) 3, 085 

Area of territory, land surface (122,460 square miles) acres. . 78, 374, 400 

Area irrigated in census year do . . . 91, 745 

Area of all farms, 33.39 per cent improved do. . . 787, 882 

Cereals raised in census year, including 81 acres in buckwheat and 69 acres in rye do. . . 61, 340 

Barley, average production, 23.60 bushels per acre do. . . 1, 484 

Com, average production, 20.45 bushels per acre do. .. 28,539 

Oats, average production, 20.81 bushels per acre do . . . 9, 314 

Wheat, average production, 15.72 bushels per acre do. . . 21, 853 

Alfalfa do... 12,139 

Total value of all farms, including land, fences, and buildings 5|?8. 140, 800 

Estimated total value of the farms irrigated in whole or in part $4, 677, 000 

Estimated value of all farm productions (soW, consunu^d, or <in hand ) for 1889 $1, 781, 820 

Estimated value of productions, as above, from farms irrigated in whole or m part $1. 174, 000 

Average size of irrigated farms acres. . 30 

Average size of irrigated farms of 160 acres and upward — do. . . 312 

Per cent of acreage of irrigated farms of 160 acres and upward to total acreage irrigated 21. 45 

Average size of irrigated farms under 160 acres acres.. 24 

Average first cost of water right per acre * $5. 58 

Average annual cost of water per acre $1. 54 

Average first cost per acre of preparation for cultivati«ui $11. 71 

Average value of irrigated land, including buildings, etc., in June, 1890, per acre $50. 98 

Average annual value of products ])er acre in 1889 . $12. 80 

New Mexico in many respects can be contrasted with Nevada, both in the character of its population and in 
the methods and results of irrigation. One of the most striking features was the small average size of irrigated 
farms, 30 acres, these being less than <me-sixth the size of the average in Nevada. In this respect New Mexico 
was surpassed only by [Itah, wh(»re the irrigated areas averaged 27 acres each. There were very few large 
irrigated holdings, and these in the aggregate formed only 21.45 per cent of the total area irrigated, this being less 
than one-half the average tor the United States. The average value of products in 1889 was, however, not as high 
as might be expected, being next to Wyoming, the lowest in the list. The average small farmer, especially of 
Sx)anish and Indian descent, has shown little energy or skill, and as a consequence the returns have been small. 
* In cost and value of water rights the territory occupied an intermediate position. The facts concerning these 
were obtained mainly fiom modern ditches, the older irrigating works having been built for so many years that it 
was impossible to obtain even an approximation of their cost. 

(iKNKKAL DESCRIPTION. 

New Mexico can be divided into three great geographical divisions. On the east are the broad ])lains, which, 
(extending nearly one-third of the way across th<» territory, gradually rise to form the plateau which is the base of 
the Kocky mountains. The rivers which issue upon the plains from the mountain ranges in the northern part of 
the territory flow eastward and finally unite in the ( 'anadian, a tributary of the Arkansas. South of this drainage, 
however, the rivers, after flowing eastward a short distance, unite and flow southward into the Pecos, a tributary 
of the Rio (Irande. On the western side of the mountain i-aiiges is the long, narrow valley of the Rio (irande, 
which traverses the territory from north to south, being conflned for a great portion of its way by lofty mountain 
ranges. In the central and southern parts of the territory, cut off by high mountains from the Great Plains region 
and the narrow Rio Grande valley, are elevated table lands, perfectly arid, excepting at the edge adjoining the 
foot of the higher mountains, from which small streams issue. These broad plateaus are useless even for grazing, 
although their soil could be rendered i)roducti ve by the application of water. On their margins, however, especially 
among the western foothills of the Sierra Rlanca, agiiculture is carried on along the creek bottoms. West of the 
Rio Grande valley are the high plateaus and mountain ranges, many of them timbered, which form the continental 
divide, and from which flow the tributaries of the San Juan and Gila rivers, part of the Colorado river drainage. 
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Total popnlatiuQ (average per square mile, 1.25) 153, 593 

Number of owners of farms (2.90 per cent of population) 4, 458 

Number of irrigators (69.20 per cent of fanii owners, 2.01 i»er cent of population ) 3, 085 

Area of territory, land surface (122,460 square miles) acres . . 78. 374. 400 

Area irrigated in census year do. - . 91, 745 

Area of all farms, 33.39 per cent improved do. . . 787, 882 

Cereals raised in census year, including 81 acres in buckwheat and 69 acres in rye do. . . 61, 340 

Barley, average production, 23.60 bushels per acn^ do. . . 1, 484 

Com, average production, 20.45 bushels per acre do. .. 28,539 

Oats, average production, 20.81 bushels per acre do . . 9, 314 

Wheat, average production, 15.72 bushels per acre do. .. 21,853 

Alfalfa do... 12,139 

Total value of all farms, including land, fences, and buildings $8, 140, 800 

Kstimated total value of the farms irrigated in whole or in part $4, 677, 000 

Estimated value of all fann productions (sold, consumed, or on hand ) for 1889 $1, 781, 820 

Estimated value of productions, as above, from farms irrigated in whole or m part $1. 174, 000 

Average size of irrigat4?d farm.s acres . . 30 

Average size of in-igated farms of 160 acres and upward — do... 312 

Per cent of acreage of irrigated farms of 160 acres and upward to total acreage irrigated 21. 45 

Average size of irrigated farms under 160 acres acres.. 24 

Average first cost of water right per acre $5. 58 

Average annual cost of water per acre $1. 54 

Average first cost per acre of preparation for cultivation $11. 71 

Average value of* irrigated land, including buildings, etc., in June, 1890, per acre $50. 98 

Average annual value of products per acre in 1889 . $12. 80 

New Mexico in many respects caii be contrasted with Nevaiia, both in the character of its popuhition and in 
the methods and results of irrigation. One of the most striking features was the small average size of iiTigated 
farms, 30 acres, these beiug less than one-sixth the size of the average in Nevada. In this respect New Mexico 
was suri)assed only by CTtah, where the irrigated areas averaged 27 aeres each. There were very few large 
irrigated holdings, and these in the aggregate formed only 21.45 per cent of the total area irrigated, this beiug less 
than one-half the average for the United States. The average value of products in 1889 was, however, not as high 
as might be expected, being next to Wyoming, the lowest in the list. The average small farmer, especially of 
Spanish and Indian descent, has shown little energy or skill, and as a consequence the returns have been small. 
' In cost and value of water rights the territory occupied an intermediate position. The facts concerning these 
were obtained mainly from modern ditches, the older irrigating works having been built for so many years that it 
was impossible to obtain even an a]>))roximation of their cost. 

GENKKAL DESCRIPTION. 

New Mexico can be divided into three great geographical divisions. On the east are the broad plains, which, 
extending nearly one-third of the way across th<» territory, gradually rise to form the plateau which is the base of 
the llocky mountains. The rivers wiiieh issue upon the plains from the mountain ranges in the northern part of 
the territory flow^ eastward and finally unite in the Canadian, a tributary of the Arkansas. South of this drainage, 
however, th(}> rivers, after flowing eastward a short distance, unite and flow southward into the Pecos, a tributary 
of the Rio (Irande. On the western side of the mountain i-anges is the long, narrow valley of the Rio (rrande, 
which traverses the territory from north to south, being conflned for a great portion of its way by lofty mountain 
ranges. In the central and southern parts of the territory, cut ofl* by high mountains from the Great Plains region 
and the narrow Rio Grande valley, are elevated table lands, ])erfectly arid, excepting at the edge adjoining the 
foot of the higher mountains, from which small streams issue. These broad plateaus are useless even for grazing, 
although their soil couhl be rendered productive by the application of water. On their margins, however, especially 
among the western foothills of the Sierra I^lanca, agriculture is carried on along the creek bottoms. West of the 
Rio Grande valley are the high plateaus and mountain ranges, many of them timbered, which form the continental 
divide, and from which flow the tributaries of the San Juan and Gila rivers, part of the Colorado river drainage. 
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The agi'iculture of the territory is governed in its character by theue great natural divisions. On the east 
cattle raising has for years hetm the only industry, and the farmer has been prevented from entering upon the 
domain of the cattle kings. It was therefore only among the foothills in the western end of Mora and San Miguel 
counties that agi'iculture existe<l in this eastern division. The Rio (yrande valley, however, has from the earliest 
times been the home of agriculture by irrigation. The original Indian inhabitants, and subsequently the Spanish 
invaders, took water from the river and its tributaries, not only in very much the same manner as that now 
prevailing, but even to some extent by the same ditches. There has, in fiict, been comparatively little change in 
many localities along this river within the memory of man. The towns are located at short intervals, wherever 
the valley widens out to form bottom lands of an extent sufficient for agricultural purposes. Each town or group 
of farms has its own ditch, and where the iM)pulation is comparatively dense these small ditches cross and 
intermingle in apparently the greatest confusion. Owing to the lack of system there is a great loss of water, which 
might often be avoided by the (^construction of a single well built <'anal in the phice of the many poorly constructed 
ditches. 

The water is diverted frou) the river by means of temporary diiins, ronstinicted of bowlders and brush. These 
ai'e often swept away by floods, and thus a loss of crops has at various times occurred, not be<»ause of any lack of 
water in the river, but because a sudden freshet has destroyed the headworks of the ditch. Usually only the 
lowest lying land has been irrigated, and from lack of drainage this land has in certain localities become so 
saturated with alkaline salts as to be worthless, resulting in the abandonment of farms, and even in the desertion 
of some small towns. Artificial dminage, therefore, is for such localities as necessary as irrigation. 

Many Mexican farms are long, narrow strips, from 25 to 30() yards wide by about 1,000 yards long, extending 
from the river up the slope of the hill. As these are divided by inheritance, they are cut lengthwise, so as to give 
each heir a water frontage, the result being that farms so dealt with eventually become mere strips. Owing to this 
inconvenient form of the tract to be irrigated there is a considerable loss both of water and of time. The ditches 
are owned in common by the farmers of each community, and one of the irrigators is annually elected to the 
position of superintendent of the ditch, his business being to attend t4) all necessary repairs, and particularly to 
regulate the distribution of water, which is done largely according to his judgment. Although in the Mexican 
methoils of controlling water there is nmc^h to criticise, there is nevertheless one fact which is worthy of 
commendation, and that is that the control of the water is in the hands of the farmers. The general appearance 
of shiftlessness and the lack of progress are due rather to climatic and race characteristics than to the defects of 
the agri<»ultural system, and there is no doubt that security of wat^r right has bi»en insured by this common 
ownership of the chief source of agricnltural wealth, namely, the running wat«r. 

Taking the territory as a wiiole, the water supply of New Mexico is comx)aratively well distribute*!, nearly 
all the counties of the territory having small rivers, and some of them large ones. Unfortunately, however, 
much of the water is far below the level of some of the best arable land. For example, the Rio Grande, the largest 
river, at the point where it enters New Mexico, has cut through a gieat lava covered plateau and flows at a depth 
of from 500 to 1,000 feet below the general level, a depth so gi*eat that by no |K)Ssible means can water ever be 
brought ui>on much of this fertile land. Its tributaries likewise, soon after leaving the mountains, cut through 
this lava sheet and exi^avate deep canyons in the soft underlying rocks. Occasionally these narrow canyons open 
out, as, for example, into the valley of Kspanola, where there is a large amount of irrigable land; then, the walls 
closing in again, the river flows through other canyons until it emerges near Pena Blanca and enters the northern* 
end of Albuquerque valley. This alternation of (ianyon and narrow valley continues throughout the entire course 
of the river in this territory, the agricultural laml being contine<l to the bottom lands, or lower mesas, near the 
river. The investigations of the Unite<l States Geological Survey have shown that the lower ends of many of 
these valleys furnish excellent reservoir sites, where flood waters can be stores! for the benefit of the valleys 
below. 

As in the case of Arizona, it may be said that in New Mexico nearly all the water that can be tiiken out upon 
arable land by the etforts.of individuals or of farmers acting in partnership has now been appropriate*!, and 
ftirther agricultural development must ccmie by greattT ec^momy in the use of the present water supply and the 
conservation of waste waters. There are many small streams issuing from the mountains, which sink into the 
ground within a few miles from the point where they leave their canyons. These streams are not tributary to any 
river, and the farmers who have appropriated their waters are independent of the actions ot other irrigators who 
may de])end u])()n neighboring streams. The amount of land irrigated by these streams depends entirely upon 
the care with which th<» water is used and uj)on t\w cons<»rvation of the floods. No one outside of this small group 
of farmers is directly interested in the wat^r. 

in sharp contrast to the conditions of irrigation along these small lost rivers are those obtaining in the case 
of the irrigated lands which depend uiK)n the great river systems of the territory, as, for example, that of the llio 
iirande. Here, where the water is in great demand, the action of each individual farmer is of more or less 
importance to every other faruier throughout this great drainage system, for all alike depen<l upon the one great 
soui*ce of supply, and waste by one person when the water is in great demand may mean h)ss to somebody else. 
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So long as there is water enough for all there is no ne<5e8sity for regulation or co-operation, but when the tirae^ 
comes that the land under cultivation exceeds the quantity of water that is available for its cultivation, then 
arises the necessity for a broad co-operation among the farmers along the river and a government by those 
int;erested so far-reaching that the rights of each one shall be protected. 

Agriculture has increase<l near the head waters of the Rio Grande until in that portion of the river basin 
which is in Colorado there is more than three times as much land under irrigation as there is along its entire 
course in New Mexico. As a result of this, and perhaps also of climatic oscillations, the lower valleys have 
received less and less water, the drought being especially felt in those counties farthest south. As irrigation* 
increases, however, the scarcity of wat^r can not fail to be appreciated farther and farther toward the north. The 
farmers in these lower valleys, whose rights date biick for an indefinite period, look with apprehension toward the 
future, fearing that iill the water will be absorbed by the newer ditches farther up the river. Water storage in 
this great drainage basin is, however, not a matter that can be entered upon immediately or without great care- 
It demands a comprehensive knowledge of the water supply and of the factors by which it is modified, as well a» 
the highest engineering skill. Canals and dit<;he8 may be laid out with less care and foresight, their failure or 
even their destruction involving only the property of their owners; but by weak storage dams the lives of entire 
communities, to say nothing of property, may be placed in constant jeopardy. The proper location of these works^ 
their financial success, and the necessity that the greatest good shall be done to the greatest number, demand a 
broad yet detailed knowledge of the topography and agricultural resources <»f the entire basin 

WELLS. 

In New Mexico a number of attempts have been made to obtain artesian water, but in the majority of instances* 
the deep wells, though reaching an abundant supply, have not been successful, in that the water does not rise to 
the surface and overflow. There is reported to be a well near Springer, Colfax county, delivering water at the 
surface, and it is possible that attempts lately made in Mora and San Miguel counties have been successful. Near 
Katou a drilling has been made to a depth of over 1,800 feet without obtaining artesian water. At Las Vegas a 
well over 1,600 feet in depth has a very slight discharge, and at Santa Fe in a well 360 feet in depth water rises to 
within 70 feet of the surface. In the vicinity of Koswell, in Lincoln county, a well 207 feet in depth and 1 .5. 
inches in diameter is reported as discharging 10 gallons per minute. 

At Deming, Grant county, water is obtained in large quantities by wells 40 feet or more in depth. This does 
not rise to the surface, but is pum|>ed by windmills, of which there are many in use. An eflfort has been made 
to obtain water from greater depths in the hope that it might rise to the surfaoe, and drilling in one case has been 
continued for 1,000 feet or more. The water is reported to rise within 10 feet of the siu^face and to be found in 
almost inexhaustible quantities. Near Fort Wingate, in Valencia county, a well 75 feet in depth is reported as 
flowing, but the amount is not stated. 

VALl E OF PRODUCTS. 

The average value of products per acre, as shown in the following table, is usually less on the large irrigated 
farms, but the operation of this rule is not always apparent in New Mexico, owing to the diversity in the methods, 
of cultivation and in the habits of irrigators. As a rule, the average value of products from the lands of farmers, 
whose names indicate that they have migrated from the eastern states is placed higher than that of the products of 
fai'ms cultivated mainly by Mexicans, whose holdings are usually of small size, and who also report the average 
value of their products per acre in very small figures. The standard of living varying so much among the different 
races inhabiting the territory, a comparison of values and products on a uniform basis is difficult and somewhat 
unsatisfactory. Both the Mexican and the Pueblo Indian have plained very low estimates on the cost of their ditches, 
and the value of their products, but, on the other hand, the cost of their subsistence is proportionately small. 

The average value of products to the acre is greatest in Bernalillo county, containing many small, well cultivated' 
farms, with vineyards, orchards, and market gardens, the produce of which finds a ready sale. Next in importance 
cx)mes Valencia, with its small farms; then Lincoln, with larger farms, owned mainly by an Knglish speaking people; 
then Socorro, similar in situation to Bernalillo; then Colfax, (xrant, and others. The lowest average value of 
products to the acre is in San Miguel and Mora counties, where the princii)al farming area is owned by Mexicana 
and the water supply is scanty. Next to these comes Donna Ana, where the average under ordinary circumstanc^es. 
should be high, but where it is somewhat reduced, owing to lack of water and consequent loss of crops. 

Agriculture, as pra<*>ticed under the old Mexican system, can not be said to be profitable if account is taken of 
the labor which is required. The small ditches, often poorly constructed, reciuire an immense amount of labor to 
keep them clean and in repair, and the water is applied to the land in a laborious, time wasting fashion. The 
owners of the smaller farms, however, have usually some other occupation, such as herding sheep or cattle, and 
many of them occasionally earn a small amount as day laborers, so that the time which is spent upon their own 
small farms may i>ractically be considered as unemployed. It is state<l that if they could earn regular wages it, 
would be cheaper for them to buy farm i)roduce than to raise it. 
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CONDITION OF IRBIOATION IN EACH COUNTY. 
NUMBER OK IRIUGATORS, AREA IRRIGATED, FARMS, AND CROPS IN EACH COUNTY IN NEW MEXICO IN 1889. 



t'OUNTIKS. 



■Nnm- 
i ber of 
I irri- 
gators. 



Area 
irri- 
gated 

acreH. 



Total 3,0» 



Bernalillo... 

0>lfax 

I>unna Ana 

'Grant 

Lincoln (b) . . 



Hora 

Rio Arriba. 
San Juan . . 
San Miguel 
Santa.Fe... 



Sierra... 
Socorro.. 

Taoa 

Valencia . 



220 
46 
275 
158 
194 

348 
281 
2.% 
3:i5 
12:i 

65 
218 
262 
304 



91,745 

4,643 
5.994 
11,051 
5.718 
7.78i> 

11,403 
6.368 
9. 510 
9,163 
l.:i58 

1.417 
4,798 
6,420 
6, 113 



Aver- 
age 
nizc of 
irri- 
gated 
fUmi8 i 
in I 



30 

21 
130 
40 
36 
40 

33 
23 
37 
27 
11 

22 
22 
25 
20 



OWNRKS OF 
PARM8. (a) 



Total 
num- 
ber. 



Per 

cent of 

l>opn* 

lation. 



IKKIOATOR.K. 



Per I Per 
cent of! cent of 

fami ! popu- 
owners, latfuu. 



FARM AKKA. 



ARKA IURI(1ATKI<. 



Area of 
counties 
ill acres. 



Acres. 



Per 

cen* 

im- 

prove<l. 



(VrealH. 
(Acres.) 



Alfalfa. 
(Acres.) 



Per 
cent of 
area of 
county. 



Per 



Per 



Avtir- 

ace 

value 



cent of cent of of prod 



total 
fann 
area. 



land 
owned 
by irri- 
gators. 



uctsper 
acre. 



4.458 2.90 > 69.20 2. 01 . 78. 374, 400 787,882* 33.39! 61.340 12, 139 ! 0.12 11.64 17.98; $12.80 



292 
70 
300 
204 
303 

467 
442 
277 
463 
207 

88 
295 
293 
667 



1.40 
0.88 
3.26 
3.04 
4.28 

4.40 
3.83 
14.66 
1.91 
1.53 

2.42 
3.07 
2.97 

4.81 



75.34 
65.71 
91.67 
53.74 
64.03 

74.52 
6:157 
92.42 
72.35 
59.42 

73.86 
73.90 
89.42 
45.58 



1.05 
0.58 
i, 99 
1.64 
2.74 

3.28 
2.44 
13.54 
1.38 
0.91 

1.79 
2.27 
2.66 
2.19 



5, 521, 920 
4,224,000 
6,754,880 
5, 952, 000 
16. 929, 280 

2,560,000 
4, 576, 000 
3,845,120 
8, 477, 440 
1,466,880 

1,994,240 
9,904,640 
1, 472, 000 
5,096.000 



54.804 
128.941 
36,004 
50, 171 
47,373 

156,730 

25,519 

44,051 

84,614 

6,762 

8,400 
35,342 
25,852 
83.319 



30.11 
35.11 i 
38.39 
24.26 
28.09 

45.66 
51.74 
23.06 
31.80 I 
44.07 I 
i 
20.61 I 
24.61 , 
55.52 
14.92 



6,779 
2.074 
5, 570 
2,448 
4.134 

9,880 
6,272 
1,850 
7,767 
1,742 

752 
2,059 
4,787 
6,226 



463 
1.167 
2,165 

622 
1.893 



0.08 
0.14 
0.19 
0.10 
0.05 



8.47 

4.65 

30.60 

11.40 

16.44 



39.11 
7.99 
35.08 
19.36 
24.28 



1,812 ! 


0.46 


7.28 . 


12.26 


358 


0.14 


24.95 I 


35.05 


1.800 


0.25 


21.59 1 


23.55 


625 1 


0.11 


10.83 


9.04 


167 1 


0.00 


20.08 


51.99 



263 
281 
193 
330 



0.07 
0.05 
0.44 
0.11 



16.87 

13.58 

24.83 

7.34 



26.01 
25.80 
27.90 
22.23 



23.50 
16.44 
8.82 
16.32 
17.48 

8.78 
15.10 
13.34 

7.02 
14.22 

<«) 

16.46 

8.06 

21.06 



a Include)* ownf^d and hired fariim, assuming one farmer to each. 

b Act creating Chaves and Eddy counties from imrt of Lincoln county had not gone into etfect on June 1. IH90. 



€ Yalne of products not obtainml. 



Bernalillo county is in the north central portion of the territoiy, the main portion of the county extending 
from the Sandia mountains westward across the Rio Grande and to the Arizona line, while a small strip reaches 
from the southeast corner eastward to the head waters of the Pecos. The greater portion of the cultivated land of 
the county is along the Rio Grande, where there are many towns and small \illages on or near the Hood plain of 
the river. The valley is from 2 to 5 miles in width, is exceedingly fertile, and, having an elevation of about 5,000 
feet, has a climate favorable to the production of all the various fruits and vegetables proper to the temperate zone. 
The Rio Grande furnishes an ample supply of water for the land at present under cultivation along its banks, but 
the methods of taking the water from the river are so primitive that losses of crops frequently occur. The ditches, 
many of whicrh are of great age, are UKually of small size, and are taken from the river at short intervals, each 
supplying a small town or collection of farms. The water is ^liverted from the river by rude headworks of brush 
;und stone, which are frequently either partially or w^holly destroyed in times of flood, and must be reconstructed 
•or tight<3ned whenever low water occurs. 

In addition to the lands in the Kio Grande valley there are irrigated tracts bordering the j>rincipal tributaries, 
-as, for example, along the Jemez and its head waters. In nearly every case the amount irrigated is but a small 
percentage of what could be brought under cultivation by improved methods and by comprehensive systems of 
water storage and canals. During May, .Tune, and the early part of July there is usually a large excress of water, 
but from the middle of »)uly, through August, and into September, there is scarcity; considerable trouble is 
•experienced in filling the ditches, and owing to the great number and small size of the latter there is a great loss 
of water by evaporation and seejiage. 

On the lower bottom laud of the Rio (irandc valley much of the ground is saturated, and crops of wheat and 
other small grains, as well as alfalfa, grapes and other fruit, are raised without irrigation, the water being 
sutticiently near the surface to moisten the roots. The method of irrigation usually practiced is that of pools or 
borders. Small ridges of earth are thrown u]) by hand, inclosing rect4Uigular spaces of from 15 to 20 feet in width 
and 20 to 40 feet or more in length. Into each of these little rectangles the water is allowed to flow until it forms 
a small pond. It is then allowed to flow into the next rectangle, and so on, until the whole field is irrigated. This 
.re(|uires a great outlay of time and labor, both in ])reparing the ridges and in applying the water. 

Colfax (Mjinty is in the northeastern conier of the territory, being the most northern county east of the 
mountains. The agricultural land hiis an elevation of upward of 6,000 feet and possesses a climate favorable to 
thc» develo]>ment of many branches of agriculture by irrigation. The water supply is derived from the head waters 
of the Canadian river and to a small extent from those of the Cimarron, both of these streams being tributary to 
the Arkansas. The greater part of the irrigated land is along the foot of the iiumntiuns, depending upon the 
stn»ams flowing from the higher i)eaks. The ditches are mostly small, and until recently little attention has been 
given to the cultivation of the soil, cattle and sheej> raising being the principal imlustries. In the vicinity of 
Springer is an irrigation syste^m of considerable* size tsiking water from Cimarron creek, a tributary of the 
Canadian. Tlie nniin canal is 10 miles in length, 20 feet wide on bottom, and with its laterals covers lantl between 
the Cimarron and Red rivers. North of this is another system talking water from N'ermejo creek, this canal being 
20 fe^t wide, 12 miles in lengtii, and having about 45 miles of laterals, covering land to the west of Dorsey and 
Jdaxwell. The summer floods of the streams are storetl in a number of reservoirs located among the hills and out 
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upon the plains. It is aUo proposed to increase the supply by submerged dams across the stream channels and 
by artesian wells, the conditions being found favorable in the case of a well located 5 miles southeast of Springer, 
at the junction of Cimarron creek with lied river. This well is 250 feet deep and is reported to flow at the rate of 
0.5 second-feet. 

Donna Ana county is in the south central part of the territory, adjoining the republic of Mexico. It includes 
the Mesilla valley, which lies along the Rio Grande, and in which is situated the greater portion of the irrigated 
land. In the extreme eastern portion of the county, west of the Mescalero Apac^he Indian r(*servation, are smaller 
tracts of lands irrigated by the streams which issue from the mountains, the principal towns in that locality being. 
Tnlarosa and La Luz. In the valleys along the Rio Grande the supply of water is not at all times sufficient for 
the area now mub^r cultivation, and during the years 1888 and 1889 it fell seriously short. This scarcity of water 
was due largely to fluctuations of rainfall, but to some extent to the diversions of water made by the large canals 
in the San Luis park of Colorado and by ditches in the northern part of New Mexico. In ISJ)0, owing to larger 
rainfall, the water supply was more satisfactory and the farmers renewed their courage. The quantity of water 
in the Rio Grande has been measured as it leaves this county and jjasses El Paso, Tex. (a) The fluctuations of the 
sti'eam ai'e very great and during part of the year the channel is nearly or quite dry, although water can always be 
pumped from the underlying sands and gravels. 

There are few irrigating canals of noteworthy size, the water being diverted from the river by many ditt*.he8,. 
which are laid out without engineering skill. On iiccount of the poor alignment, with numerous crooks and turns, 
sediment is de^>osited from the muddy waters brought by the Rio Grande, and this must be dug out at frequent 
intervals and at great expense. From the lack of system contentions are constantly arising between the owners 
of the various ditches, and there is no e-conomy and little (;arein the administration of the waters. In the eastern 
)M)rtion of the c<mnty are enormous tracts of prairie land, between the Sacramento mountains on the east and the 
San Andreas range on the west. A small portion of this fertile land can be irrigated by a careful conservation of 
the waters which issue from many of the mountain valleys. 

CtRANT county is in the extreme southwestern corner of the territory, bordering upon Arizona and the 
republic of Mexico. The Gila river crosses the northwestern part of the county, and the Mimbres river, rising 
near the central portion of the ccmnty, flows southeasterly for about 30 miles, to be lost in ordinary seasons in the 
sand. The agricultural land lies -along the valleys of these two rivers, with the exception of small patches where 
springs issue at the foot of the mountains, and of other areas on the plains, which are watered by means of pumps 



a Th<> reunite (if the coiiiputatioiiN of difichargo aro Hhown hy the atMrumimnying table : 

DISCHARdK OF RIO (JKAXDE AT KL PASO. TEXAS. 
(Draiiiugo an«;i, 30.0(H) Hqiiare milos.'' 



I>I8('HARf}K IN SECOND- KKKT. 



RUN-OFF. 



MONTM8. 



Maxi- 
mtini. 



Mini- 
uium. 



MtMili. 



Total for — 

month in j Set^md- 

aore-teet. I Depth in feet por 
iucheti. Hquare 
mile. 



I)I8CUAR<iK IN SF.(*<)NI>-KEKT. 



RUN-OFF. 



MONTHS. 



Total for!! 
ij month in ;' , Second- 

Maxi- Mini- • Voan il acn>fee«t. UDepth in' feet p«r 
mum. mum. I * ' ,! i incheH. aquare 

l' I mUe. 



1889. 
May 10 to 31 
Juno 



July 

Auguat — 
September 
October — 
November 
December.. 



1890. 
J aniiiuy — 
February . . - 

March 

April 

May 

June 

J uly 

August 

September . . 

October 

November . . 
December . . . 



1891. 
January — 
February . . . 



4,705 

4.460 

030 



Per annum — 



252 



280 

458 

1,140 

4,108 

7,200 

7.200 

2, 355 

2, 497 

660 

116 

610 

610 

7,200 



715 
2. 640 



2,060 

660 







126 

108 

45 

470 

3,495 

2,925 

235 

170 

40 

40 

40 

430 

40 



140 
470 



3. 110 

2, (»8 

237 









71 

196 

290 

424 

2,190 

5, 771 

4,404 

854 

734 

176 

«5 

284 

535 

1,327 



451 
809 



191,634 

156,961 

14. 575 









4. 366 



12.054 

16,095 ! 
26,076 

130,305 I 

354, 916 1 

262,038 : 

52,521 ' 

45,141 ' 
10, 472 

3,997 i 

16.898 , 
32,902 

963.415 



27. 736 
44,809 



0.120 
0.098 
0.009 
0.000 
0.000 
0.000 
0.000 
0.003 

0.008 
0.010 

o.oie 

O.OHl 
0.221 
0.164 
0.033 
0.028 
0.006 
0.003 
O.OU 
0.020 

0.601 



0.017 
0.028 



1 



0.104 
0.090 
0.007 
0.000 
0.000 
(».000 
0.000 
0.002 

0.007 
0.010 
0.014 
0.073 
0.190 
0.147 
0.028 
0.024 
0.006 
0.002 
0.009 
0.018 

0.044 



0.015 
0.027 



1891. 

March 

April 

May 

June 

July 

August — 
S«^ptember . 

October 

November . 
December. . 



Por annum 



1892. 
January .. 
February . 

March 

April 

May 

Juno 



4.6:;5 

8, 625 
16,620 
8,340 
6.345 , 
1,7H."» I 
9,480 
3.535 I 
515 
560 



16,620 



I 



470 

830 

2,070 I 

7.485 

10.050 I 

6,485 



140 



July 2.500 

August 

September 

October 

November 

December 



470 

1.040 

8.340 

3,045 

610 

17 



560 

235 

190 





Per annum. 



•i 



10,050 



155 

I 
290 

390 I 

470 

.>,205 j 

560 I 







1,866 

4, 26,") 

ll.aV2 

6.714 

2, 271 

662 

768 

1,488 

341 

:U4 







326 

476 

752 

3,147 

7,093 

2.943 

668 

13 









1,285 



114.750 

253,767 

726,528 

399,483 

139,066 

40, 713 

45,695 

91,512 

20,289 

21,156 



2,653 1,926,203 



20,049 

27,370 

46,248 

187, 246 

436,219 

175, 108 

41,082 

800 











934, 122 



0.013 
0.017 
0.029 
0.117 
0.272 
0.109 
0.026 
0.000 
0.000 
0.000 
0.000 
0.000 



0.072 
0.159 
0.454 
0.249 
0.088 
0.025 
0.030 
0.057 
0.012 
0.013 

1,204 



0.583 



0.062 
0.142 
0.396 
0.224 
0.076 
0.022 
0.027 
0.050 
0.011 
0.011 



0.088 



0.011 
0.016 
0.025 
0.105 
0.236 
0.098 
0.022 
O.OOO 
0.000 
0.00O 
0.000 
0.000 



0.043 
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ran by wiudmills. An attempt has been made to obtain water from the channel of Mimbres river above Deming by 
a deep cat or drain to intercept the water supposed to be flowing beneath the sarfaee. So far as can be ascertained 
the scheme is impracticable, and it has apparently been abandoned, after the constraction of 8 or 10 miles of canal. 
The principal industries of the county are mining and stock raising, the cultivation of the soil being carried on 
largely in connection with herding or in the vicinity of the railroad towns and mining camps. The irrigating 
ditches are small and are usually built by alfew owners to supply a cluster of farms. The Mimbres river can not 
always be relied upon to furnish sufficient water for the land at present under cultivation, and injury to the crops 
is liable to occur, especially in the month of June. Much of the water which sinks into the ground in the channel 
of this river as well as on the plains can be recovered by wells and by that means small garden spots are rendered 
very productive. The windmills, which raise the water both for stock and for irrigation, are reported to furnish a 
supply for from 1 acre to 6 acres of fruit trees and vegetables. 

Lincoln county at the time of taking the census included an area of 20,452 square miles in the southeastern 
corner of New Mexico. About that time two new counties were authorized, known resiMJCtively as Chaves and 
Eddy, the former being in the northeastern part and the latter in the southeastern part of this area. An 
examination of the returns shows that of the 7,789 acres reported as irrigated in Lincoln county there were 2,101 
acres in that portion of the county to be included in Eddy county and 2,011 acres to be included in Chaves county, 
leaving 3,677 acres in the remainder of Linox)ln county. This county lies within the drainage basin of the Pecos river, 
the principal tributary of the Rio (Jrande. The waters of this stream come largely from the west, from strea^ms 
rising in the Sierra Blanca and other mountains on the western side of Lincoln county and from springs issuing 
from the limestones which underlie much of the country. On the east side of the Pecos there are no living streams, 
the plains gradually rising toward the escarpments of the Llano Estacado. As a whole, it may be said that the 
water supply is large and its distribution favorable for the development of agriculture. In that part of Lincoln 
county not to be included in Chaves and Eddy counties the principal irrigated areas are in the vicinity of Fort 
Stanton and of Lincoln, water being obtained from Bonito creek, and in the vicinity of Ruidoso irrigating ditches 
being taken from Ruidoso creek. 

A large number of streams flow easterly from the Capitan, Sierra Blanca, and Sacramento mountains, most of 
these disappearing in the sands, a few Anally reaching the Pecos. Farmers have settled along most of these 
4!$treanis and have diverted the water by small ditches, bringing under cultivation a small part of the arable land. 
Along the heaid waters of the larger of these creeks there ap[>ears to be an ample supply of water, and it is reported 
that in the upper valleys some crops are successfully raised without irrigation. Cattle raising is the principal 
industry and the crops are largely for forage purposes. 

In that portion of the county to be included in Chaves county the principal area of land under cultivation is 
in the vicinity of Roswell, where a large amount of water is obtained from the springs and surface streams. Tlierc^ 
are a number of small ditches taking water from the Hondo and neighboring streams, and 5 miles east of Roswell 
is the head of the Northern canal, belonging to the Pecos Irrigation and improvement Company. This canal 
follows southerly along the west side of the Pecos river, crossing South Spring river, from which some water is 
obtained, and extending to or beyond the Feliz river. The bottom width is stated to be 35 feet and the length 25 
miles, it being proposed to continue this to a length of 50 miles. Abcmt 70 miles southerly from Roswell is the town 
of Eddy, in the i)ortion of the county to be known by the same name, above which are the main works of the company 
just mentioned. A dam has been built across Pecos river, raising the water and backing it up for a distance of 
upward of 7 miles, forming a storage reservoir, which can be drawn upon during the months of drought. The dam, 
built of limestone, is 1,140 feet in length, 135 feet wide at base, and having a maximum height of 40 feet. The 
headworks of the canal are on the east side, this being 45 feet wide at bottom. At a distance of 4 miles below the 
dam the canal ^livides, the principal branch crossing the river and continuing in a southerly course toward the 
Texas line. The river is crossed by means of a flume 25 feet in width and 475 feet in length, built at a height of 40 
feet above the river. The total length of this branch is stated to be 30 miles, the intention being to extend it to a 
total length of 55 miles. The east branch is 25 feet wide on bottom and has a length of 20 miles. About 15 miles 
below Eddy is the head of the Ilagerman canal, covering land on the east side of the river below that to be 
irrigated hy the east branch above mentioned. Farther to the south, in Texas, are other canals, taking the excess 
or seepage water from these systems. Water rights under these canals are sold at the rate of $10 an acre, the 
annual charge being $1.25 per acre. Besides these large canals there are a number of ditches covering lands along 
the valleys of the Peuasco, Seven Uiv(»rs, and Black River, the water sui)ply being, however, relatively small for 
the lands needing irrigation. 

Mora cointy lies south of Colfax and parallel with it, extending in a narrow belt from the mountains 
eastward toward the x)lains. It has the largest amount of irrigated land of any county in the territory, aggi'egating 
nearly one-half of 1 per cent of the total area of the (*,ounty. The i>rincipal body of irrigated land is in the Mora 
valley, along the river of the same nauu^ At the ui>per end of this valley there is an ample supply of water, but 
farther down the demand far ex<*eeds the su])ply, resultnig often in disappointment and loss to the farmer. Small 
reservoirs are in successful operation, but the amount of land which they supply is insigniticant. They prove, 
however, the .feasibilty of this method of water conservation. High among the foothills and in the mountain 



NEW MEXICO. 



199 



valleys a small amount of dry farmiug has been attempted, but with little success. Besides the Mora river, there 
are considerable bodies of land depending upon Ocate creek and its tributaries, but the water supply from this 
stream is not always sufficient to meet the demands upon it. 

Rio Arriba county is situated in the northern portion of the territory, adjoining the Colorado line. It 
embraces on the west a portion of the head waters of the San Juan river, and on the east it extends nearly to the 
Eio Grande. On the southeast a prolongation of the county extends across the Kio Grande and thus includes the 
Espanola valley, where is situated the largest body of irrigated lands in this county. This valley is about 20 miles 
in length and fixmi 2 to 4 miles wide. It extends from La «Joya on the north to San Ildefonso at the southern end, 
and includes various Mexican towns and Indian pueblos. The Chama enters the valley from the west and joins 
the Rio Grande, thus adding to the already ample water supply. Next in importance to this valley is that of the 
Chama, in the vicinity of Tierra Amarilla, on the grant of that name. The greater portion of the drainage basin 
of the Chama is included within this county. The water supply from this river and its tributaries is usually 
sufficient for the area at present under cultivation, but it occasionally fails in the months of June and July. 

In the extreme northwestern corner of the county, on the head waters of the San Juan, at an elevation of 
about 7,000 feet and over, there is a small amount of dry farming, and near Tres Piedras, in the eastern part of 
the county, there are also a few farmers endeavoring to cultivate the soil without irrigation, but with little success 
at either locality. 

In a few places tanks cr small reservoirs have been constructed to store the water of certain springs. These 
have been successful, but the area thus irrigated is insignificant. The necessity of water storage is not as yet 
generally felt, since the loss of crops for want of water is due usually to the condition of the ditches rather than to 
a deficient amount of water available. Many of the ditches, especially in the Espanola valley, are of great age, 
some of them of which the history is known having been constructed as long ago as 1712. The land under these 
ditches has been divided and subdivided by inheritance, so that the ownership is now very large, and great difficulty 
has accordingly been found in maintaining the ditehes and keeping them clear from sediment. On Nutrias and 
El Rito creeks, tributaries of the Chama, there has been some loss of crops for lack of water, but taking the county 
as a whole the water supply is ample for present re<iuirements. At Embudo, above Espanola valley, the Rio Grande 
has been measured and the quantity of water in the river computed for a number of years, (a) 



a The resnltn rto Rhnwii by the ncooini»anyinK table: 

DISCHAR(;K of RIO GRANDE at embudo, new MEXICO. 

(Drainage area, 7,000 square miles.) 



MONTHS. 



1889. 
Jaoaary — 
February . . . 

March 

April 

May 

June 

July 

August 

September. 

October 

November . . 
December... 



DtM'HAROE IN HECOKD-FKET. 



RUN-OFK. 



Maxi- 
mum. 



Mini- 
mum. 



Menu. 



Total for 
month in 
acro-feet. 



405 
576 
1,042 
4,420 
5. 07,'i 
5,060 
1,105 

25:j 

264 
324 
507 
610 



379 
420 
537 
970 
2, 443 
1,390 
236 
l«l 
184 
243 
253 
364 



Per annum 



1890. 

January 

February... 

March 

April 

May , 

Juno 

July 

August 

September . 

October 

November . . 
December . . 



Per annum 



5,660 



617 

670 

1.044 

3. 220 

6,071 

5. 740 

2,640 

1.134 

1.044 

(KM) 

699 

660 

6.071 



181 



260 
344 
3:«) 
842 
2.660 
•J. 768 
920 
6:^6 
496 
523 
550 
636 

200 



431 I 
473 
784 
2.261 
3,430 K 
2,922 I 
471 
206 I 
212 ' 
283 |i 
366 '^ 
542 1 1 



Depth in 
inches. 



26,506 
29,251 
48.216 
134,530 {' 
210.945 I 
173,859 
28,966 ' 
12.669 ' 
12,614 
17,404 I 
21,777 I 
3:1,333 I 



1.032 747,070 



437 i| 

553 j 

682 ; 
2.083 I 
4.060 I 
4, 1U7 I 
1,593 

814 

545 1 

.'i62 

616 

648 



26, 875 

30, 691 

41,943 

123,938 

305,040 

244, 366 

97,969 

50,061 

32. 427 

34,563 

36. 652 

39,852 



1.467 ; 1.064.377 



0.07 
0.07 
0.13 
0.36 
0.56 
0.47 
0.07 
0.03 
0.03 
0.05 
0.06 
0.09 

1.99 



0.07 
0.08 
0.11 
0. 33 
0.82 
0.65 
0.26 
0.13 
0.09 
0.09 
0.10 
0.11 

2.84 



Second- 

feet per 

square 

mile. 



0.06 
0.07 
0.11 
0.32 
0.49 
0.42 
0.07 
0.03 
0.03 
0.04 
0.05 
0. 08 

0.15 



DISCHABOE IN SBCOND-FKET. 



Rl*NOFF. 



MONTH8. 



1891. 

January .•.. 
February . . 

March 

April 

May 

June 

July 

August 

; Septomljer . 

October 

Novcnib<*r . 
l><'<'eml)er. . 



Maxi- 
mum. 



Mini 
mum. 



Mean. 



Total for 
month in 
acre-feet. 



Per annum 



0.07 ;: 

0.08 ' 

0.10 '' 

0.30 
0.71 
0.59 
0.23 
0.12 
0.08 
0.08 
0.09 
0.09 



1892. 
January ... 
Februajy . . 

March 

April 

May 

J une 



July 

AuguHt. .. 
Scptemlwr 

Ot^tober 

November 
December 



0.21 



J'er annum 



666 ' 
1.000 I 
1,450 i 
5,690 
8,550 
6,340 , 
4, 130 
1,805 
2,025 I 
3.350 
070 
880 ■ 

8,550 ; 



615 I 
700 I 
1.550 ' 
4.010 
0,665 
4.715 
1.400 
300 
165 
260 ' 
400 ' 
490 ' 

6, 665 



550 

550 

735 

735 

4, 520 

4, 325 

1.250 

320 

320 

225 

515 

340 



586 

616 

917 

2, 370 

5,965 

5,040 

2, 3.56 

933 

469 

1,681 

778 

553 



36,039 

34,182 

56,395 

141,015 

366,847 

299,880 

144,894 

57. 379 

27, 905 

103, 381 

46,291 



; Depth in 
: inches. 



Second- 
feet per 
square 
mile. 



0.10 
0.09 
0.15 
0.38 
0.98 
0.80 
0.39 
0.15 
0.08 
0.28 
0.12 



225 i 1,8.55 



440 
490 
700 
860 
4. 130 
1,550 
280 
152 
140 
165 
243 
165 

140 



497 

596 

1,051 

2.979 

4.890 

3,146 

538 

191 

152 

202 

317 

324 



34,009 


0.09 


1,3*8,217 


3. 61 

- - - 


30. 565 


1 

0.08 


34,270 


0.09 


64.636 


0.17 


177, 250 


0.47 


300,735 


0.81 


187, 187 


0.50 



33,087 
11,740 
9,044 
12,423 
18.861 
19,926 



1.240 899.730 



0.09 
0.04 
0.02 
0.03 
0.05 
0.05 



0.08 
0.09 
0.13 
0.34 
0.85 
0.72 
0.34 
0.13 
0.07 
0.24 
0.11 
0.08 

0.26 



0.07 
0.08 
0.15 
0.42 
0.70 
0.45 
0.08 
0.03 
0.02 
0.03 
0.05 
0.05 



2.40 : 



0.18 
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San Juan corNTV is in thc^ extreme northwestern corner of tbe territory, at an elevation of from 5,000 to 
6,000 feet. Tbe agrituiltural land is confined to the northern edge of the connty, along the valleys of the San Jaan 
and its tributaries, which receive their waters from the high mountain ranges of southwestern Colorado. The 
southern portion of the county consists of high i)lateaus, on which the rainfall is very small, and from which 
therefore there are no perennial streams. Farming in this county without irrigation is impossible, except perhaps 
in a few spots on the bottom lands, where corn and potatoes have occasionally matured. The climate is excellent 
and is reported to be favorable for fruit culture, apples, pears, ])lums, apricots, peaches, nectarines, cherries, and 
various smaller fruits attaining great perfection. Beyond this the principal crop is alfalfa, of which there are 
obtained three and sometimes four cuttings annually, the best results, however, being usually obtained when but 
three cuttings are made. The settlers in this county, on account of their lack of capital, have been compelled to 
make use of small ditches, not always satisfactory. 

Probably the best agricultural land in the county is thfit whicli is at ])resent untouched, lying on the mesas 
back from the river. This is more nearly level and better adapte<l Uy cultivation than that now being farmed, but 
neither the present owners nor the inhabitants of the county possess the capital necessary to the extension of their 
ditches to these lands or to the construction of new canals of sutticient size. This county offers perhaps some of 
the best opportunities in the entire west for the construction and profitable ojicration of large irrigating canals or 
systems of ditches, on accx)unt of the abundance of the water and of the great extent of arable mesa lands. The 
Animas river is especially noteworthy for its ccmstant discharge and its large amount of unappropriated water. 
This stream has a decided fall, and it has also gravelly banks and bed, so that the channel shifts but slightly in 
times of floo<l, and there are consequently no great obstai'les to be overc/ome in the construction and maintenance 
of canal headworks. It is bounded, however, by rocky bluffs, and the construction of canals of any considerable 
size would involve an <mtlay of capital probably far in excess of the means possessed by the present inhabitants of 
the county. The San Juan river also contains a large amount of water in excess of what is needed for the land 
now^ under cultivation, but it is even less favorably situated for the construction of irrigation works than is the 
Animas. The land now irrigated (consists of a narrow strip along the bottoms, which is quite uneven, and in its 
natural state is covered with brush. 

San Miguel coxtnty is one of the largest in the territory, but the greater ])ortion of it consists of plains too 
arid for cultivation. The agricultural land is principally in the western part of the county near the base of the 
mountains, a small amount extending southward ahmg the Pecos river. The water supply of the county is derived 
from two drainag(» systems, both of which have their rise in the same range and on the same side of it. The most 
northerly of these is that of the Sapello river and its tributaries, a portion of the Canadian river drainage, and 
the 8e<5ond consists of the head waters of the Pecos, which finds its way into the Rio Grande. The Sapello river 
does not furnish suflicient water for the lands now under cultivation along its course, and there is general complaint 
of scarcity whenever a dry season occurs. A number of small reservoirs have been successfully constructed, and 
they wcmld be of great benefit if their owners i>ossessed sufficient ca]>ital to enlarge them to a size sufficient to 
me<*t the demand for water. 

On the head waters of the Pecos there ap[)ears to be a greater quantity of available water, but lower on the 
stream the same want is felt. In the southern part of the county there ain^ many engineering difficulties to prevent 
the inhabitjints from diverting the river successfully upon their lands. In this porti<m of the county the principal 
industry is sheep raising, agriculture being confinetl to small garden patches. Irrigation is, however, carried on 
to a small extent by means of springs and of tributary streams which enter the Pecos inaiidy from the east. As 
in Mora county, there is a little dry farming, especially in the valleys among the mountains, where corn, beans, 
pot^itoes, and forage crops are raised. 

Santa Fk corNTV, which includes the capital of the territory, is the smallest in area of all the counties in 
New Mexico. The larg(\st body of irrigated land is on the extreme northern edge of the county, in the Espanola 
valley. The princii)al water su])ply for this district comes from the Nambe river, which ttows into the Rio Grande 
near the Indian town of San lldcfonso. Besides this area, there are in the vicinity of the city of Santa Fe and 
along Santa Fe creek various small irrigated tracts depending upon the water of the latter stream. The ditches 
in this c^mnty are small and numerous, each supplying a village or group of farms. There is apparently sufficient 
water for the acu'eage now under cultivation, loss of crops, whenever it occurs, being generally due either to i)Oor 
management or to a<M*idents to the ditches rather than to a deficiency of water in the rivers. 

SiKUUA (M)iTNTv, as its name implies, is nmgh and mountainous, and of all the counties of the territory it 
<!ontiiins the snmllest amount of cultivated land. The Kio Grande flows through the county from north to south, 
but for the* greater portion of the distance it is in a de(»p, narrow canyon, with little or no agricultural land along 
its course. In the mountain valleys to the west of the Hio (Jrande are scattered tracts of cultivated land, but the 
wnU'T supj)ly is insufficient for their further 4»xtension withcmt re<*ourse to storage. During certain seasons of the 
year there is an ample supply of water, and by the (umstruction of small reservoirs in localities that are admirably 
a^lapted for the pur]><>«e the area of agricultural land can be largely increased. The principal industry of the 
county is mining, and next in im]x»rtance to this is grazing, the higher valleys, so far as concerns the needs of 
cattle, being well watered and having an abundant supply of forage. 
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Socorro county includes a lar^e portion of the Kio (iran<ie vallej, and extends on the west to the 
head waters of the Gila, where there is some little land under cultivation. The grejitev )>ortion of the county, 
however, is composed of high table-lands and forested mountain ranges; in fa<;t,. Socorro county is probably the 
best timbered county in the territory, including, as it does, the great forest areas at the head waters of the San 
l-'rancisco river and other tributaries of the Gila, ("attle raising is also an important industry, since the valleys 
(!ontain excellent pasturage. 

The character of the irrigated hinds along the Kio Grande is similar to that of Bernalillo county, the water 
sH]>ply, however, being somewhat less. As in the latter county, the losses of crops, when they occur, are largely 
due to lack of care in maintaining the ditches and headworks. Many of the inhabitants view with apprehension 
the apparent diminution from year to year of the supply of water, an<l many forebodings are entertained as to the 
future of their agricultural operations, for they believe that ultimately in seasons of scarcity all the water will be 
absorbed by the ditches to the north of them, if not by the great canals in s^mthern Cyoh)rado. On the headwaters 
of the Gila, however, where the altitude is about 6,000 feet, there is ample water for all the laud under cultivation, 
and the inhabitants, from their situation, feel assured of a sufficient supply for their future needs. Being in a 
different territory from that in which the greater portion of the water of the Gila is use<l, they aie under no 
obligations as to economy in its use or as to the* storage of Hoods. 

Taos county is in the northern part of New Mexico, adjoining the Cohmido line, and extends from the 
summits of the Taos mountains westw^ard across the Kio Grande. At the foot of these mountains, at an elevation of 
about 7,000 feet, are large tracts of aiable land. Only a small portion of this land has been utilized for agriculture, 
the unregulated water supply being inadequate for the entire area. The Rio Grande Hows in a canyon at a depth 
of from GOO to 1,000 feet below the general level of the plateau, so that its waters can not be diverted, except to a 
very small extent upon the narrow flood i)lains in the bottom of the canyon. Nearly all the streams issuing from 
the mountains have been utilized by the construction of ditches, which carry the waters to the lands of the Mexican 
and Indian owners. Taos and Embudo creeks and their tributaries supply w^ater for the greater poition of the 
land now under irrigation. 

In general it may be said that irrigation in this county is of the most primitive character, there having been 
apparently little improvement or other change during several decades, or perhaps during the entire century. 
The inhabitants are scattered along the creek bottoms, wherever a small diteh can be taken out from a perennial 
stream. The principal towns are among the oldest on the continent, and they have had comparatively little growth 
for many years. The water supply that is easily available may be said to be entirely appropriated, but there are 
great possibilities depending upon a better conservation of the flood waters, since the greater portion of the level 
arable land of the county is not as yet under cultivation. Ijoss of crops from lack of water is unusual, since by 
long experience the inhabitants have learned to adapt their acreage to the probable supply from the streams. The 
ownership of the land, especially in the small towns, is greatly subdivided by inheritance, the tracts lying in long, 
narrow strips. These holdings are so small that the customary unit of measurement is the yard rather than the 
acre. For example, a man^s farm may be given as 1,000 yards long^ and 30 yards wide, the 30 yards being along 
the ditch and the 1,000 yards sloping away from it. The local customs as to management of water are very old, 
having been handed down with the land from past generations. 

Valencia cottntv is a long, narrow county, extending t wo-tlnrds of the width of the territory, the Kio Grande 
crossing it about the center at its narrowest part. The lu'incipal portion of the irrigated land is along this river, 
the conditions being in every way similar to those prevailing in Bernalillo county to the north. The [)rincipal 
tributary of the Rio Grande in this county is the San Jose, which flows into the Kio Puerco. A small amount of 
irrigation is carried on by means of the water of this stream. In the eastern part of the county, to the east of the 
Manzano range, and at an elevation of about 7,0<M) feet, corn, oats, wheat, barley, rye, beans, and potatoes are 
raised without irrigation. The crops, however, are not so good as those raised elsewhere on irrigated land. 



OREGON. 

[SIXTKKN KA8TEUN rOTJNTIKS ONLY! 



Total popalation (average per square mile 1.27) 89, 495 

Number of farms (11.35 per cent of population) 10, 159 

Number of irrigators (31.01 per cent of farm owners, 3.52 per cent of population) 3, 150 

Area (70,528 square miles) acres. . 45, 137, 920 

Area irrigated in census year do. .. 177,944 

Area of all farms, 56.11 per cent improved do. . . 3, 537, 231 

Cereals raised in census year, including 2 acres in buckwheat and 5,796 acres in rye do. . . 333, 921 

Barley, average production, 21.61 bushels i>er acre do... 28,808 

Com, average production, 15.07 bushels per acre do. . . 6, 189 

Oats, average production, 23.07 bushels per acre do . . . 27, 482 

Wheat, average production, 11.78 bushels per acre do... 265,644 

Alfalfa do... 15,740 

Total value of all farms, including land, fences, and buildings $36, 183, 030 

Estimated total value of the farms irrigated in whole or in part $10, 143, 000 

Estimated value of all farm productions (sold, consumed, or on hand) for 1889 $7, 517, 370 

Estimated value of productions, as above, from farms irrigated in whole or in part $2, 473, 000 

Average size of irrigated farms acres . . 56 

Ayerage size of irrigated farms of 160 acres and upward do. . . 300 

Per cent of acreage of irrigated farms of 160 acres and upward to total acreage irrigated 42. 80 

Average size of irrigated farms under 160 acres acres. . 35 

Average first coat of water right per acre $4. 6i 

Average annual cost of water per acre $0. 94 

Average first cost per acre of preparation for cultivation $12. 69 

Average value of irrigated land, including buildings, etc., in June, 1890, per acre $57. 00 

Average annual value of products per acre in 1889 $13.90 

GENEBAI. DESCRIPTION. 

The above figures, aa stated, apply only to the 16 eastern counties of the state, namely, those l>inf? east of the 
Cascade range, together with 2 counties in the southwestern part of the state, where irrigation has begun to make 
headway. These, as arranged in alphabetical order, are Baker, Crook, Gilliam, Grant, Harney, Jackson, Josephine, 
Klamath, Lake, Malheur, Morrow, Bherman, ITinatilla, Union, Wallowa, and Wiisco. All comparisons of this 
state as far as irrigation is concerned apply only to the portions mentioned. With this understanding, it appears 
that Oregon stands sixth as resx)ectA number of irrigators and eighth in the area of land irrigated in 1889. For 
average size of farms it occupies an intermediate^ position and in many respects it differs little from Idaho, on the 
east, either as regards cost of water or value of products. In ftict the conditions i)revailing in eastern Oregon are 
a repetition of those throughout the Snake river drainage and the northern part of the great interior baain. 

The tojwgraphy of Oregon givea rise to shai*p contrasts in the agricultural possibilities of the state as a whole. 
The most striking feature is the Cascade range, which, at a distance of about 120 miles from the coast, divides the 
state into two parts, diftering widely in climate and general appearance. To the west of the range the rainfall is 
abundant, and vegetation flourishes in profusion, while on the eastern side the precipi tuition is small and barely 
sufficient for the needs of plant life. The range itself consists of a chain of lofty peaks of volcanic origin, the 
highest. Mount Hood, rising to an altitude of 11,225 feet. From the plateau on which stand these high, conical 
peaks the country slopes off' toward the ocean, broken, however, by the intervening Coast range, which has an 
altitude of from 2,0()0 fc^et upward. Hetween these two ranges is the Willam(»tte valley, one of the finest 
agricultural areas in the United States, i)ossessing a genial climate, an abundant rainfall, and a fertile soil. Jn 
the southwestern part of the state there is no large valley between the Cascade and (^oast ranges comparable to 
the Willamette, for the* streams issuing from the Cascade range flow west(»ily to the sea and are bordered by less 
extensive areas of agricultural lanel. East of the Cascade range, and occupying the greater ])art of central 
Oregon, is a vast lava covered ])lateau, whose surface has an ekn^a tion of from 2,000 to 5,000 feet above the ocean. It 
is apparently a continuation of the vast lava plains whicli ])order the Snake river and cover the greater part of 
southern Idaho. Into this enormous sheet of lava, the general thickness of which is unknown, the streams of the 
region have cut for themselves channels of from 100 to 1,000 feet or more in depth, and they flow northerly to the 
Columbia river through deep canyons or gorges. On this vast plateau the rainfall rarely amounts to over 15 inches 
a year, nearly all the ]>reci])itation occurring in the winter and little or none in summer. 
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III the northeastern portion of the state, between the Snake and Columbia rivers, is a great irregular mass of 
mountains, whose structure is at present little known. The summits of these, the Blue mountains, rise to heights 
of over 6,000 feet. Tlie base of the mass is deeply buried beneath the ever present lava, into which the Snake and 
Columbia rivers have cut their gorges. These mountains exert an influence beneficial to agriculture, for their peaks, 
rising abruptly from the phiteau, encourage the precipitation of rain or snow, and give rise to many streams of great 
imx)ortance in irrigation. Their mineral contents give employment to a large population, and the grazing upon 
the mountain slopes adds to the wealth of the country. South central Oregon forms still another topographic 
<livision of the state, since it belongs to the great basin region and is characterized by the structure {peculiar to 
that unique area. It contains a number of short mountain ranges, which are in reality blocks of the earth's crust 
slightly uptilted, the upper surface sloping off gently on one side, while the broken edges present bold faces with 
iiliflfs and precipices aggregating from 2,000 to 3,000 feet in height. Between these mountain blocks are the valleys, 
deeply filled with sediment, the surface being so nearly level that rain and flood waters form vast marshes or 
.shallow lakes. 

In eastern Oregon, namely, that part lying ea«t of the Cascade range, there is, as a rule, suflicient moisture two 
or three years out of five to raise fair crops of wheat and other cereals, the success of such crops depending, 
however, largely upon the care and skill shown by the farmer, and not merely upon the occurrence of fortunate 
rains. The character of the soil also has an important bearing upon the abundance or failure of crops, some soils 
retaining a small amount of moisture for a longer time than others. There is always considerable uncertainty as 
to the success of the cereals, and there are some crops, as well as small fruits, which are never of value without 
an abundant perennial supply of water. It may be said, therefore, that in one sense irrigation is not absolutely 
essential, in that farmers can make a living, although a precarious one, without it. As a result, at all points east 
of the Cascade range, wherever the opportunity offered of diverting a perennial stream upon a piece of arable land 
there the pioneer has taken up his abode and has cultivated a small acreage of cereals, a garden patch, and as 
large a forage crop as he can irrigate. Irrigation has been quietly and gradually introduced and i)racticed in a 
simple manner, each farmer building his own ditch. Occasionally a few settlers have joined together to 
accomplish an undertaking too great for any one alone, and in rare instances outside assistance has been called in, 
but up to the census year it may be said that irrigation in Oregon was in the earliest stage of development, 
namely, that of individual effort. That year, however, and the one preceding, were times of unusual drought, and 
the interest in such matters was greatly stimulated by the investigations into the benefits and i)ossibilitie8 of 
irrigation. The advantages to be obtained through irrigation canals began to be appreciated, as well as the 
great increase of land values throughout the arid regions. Many projects, therefore, were set on foot in 1890 
looking toward the more complete utilization of the water supply of the eastern part of the state. This is 
especially the case along the rivers issuing from the Blue mountains, the Wallawalla and the Umatilla, and also 
as regards the wonderful water supply of Klamath lake and its tributaries. 

Not only has irrigation received a stimulus in that part of the state where it is essential but its benefits 
are beginning to be seen in regions where it is usually c>onsidered that there is an abundant rainfall. Even 
in the Willamette valley irrigation is being introduced in a small way, at present mainly for gardens and orchards, 
for vegetables and berries, or for the late forage crops, artificial watering being of especial benefit during the 
months of July, August, and September, when the rainfall is at its minimum. At the same time irrigation is 
creeping around the southern end of the Cascade range, being akeady of great importance in Jackson and 
Josephine counties, and is gaining a foothold in Douglas county to the north, although many of the inhabitants 
indignantly deny that any such method of agriculture will ever be necessary. 

WATER SUPPLY AND PRECIPITATION. 

Measurements of the amount of water flowing in the streams have been made at two points in eastern Oregon, 
namely, on the Owyhee, a short distance above its mouth, and on the Malheur, at Vale. Both of these streams are 
bordered by lands to which water can be brought and large areas rendered highly productive. The fluctuations 
in the water supply are, however, very great, and must be carefully considered before any general improvement 
of present systems of irrigation can be entered upon. The behavior of the water in these streams is in a broad 
way characteristic of that in other rivers of eastern Oregon, since all the streams receive their supplies from 
comparatively low mountain areas upon which the snow melts early in the season. In this respect the rivers 
present a marked contrast to those issuing from the main range of the Rockies or from the Sierra Nevadas, the 
floocls occurring earlier in spring and the summer flow decreasing to a less proportional quantity than in rivers 
from these latter mountains. The distribution of the wat^r by months is shown by the percentages contained in 
the table on the following page, exhibiting these in connection with the fluctuations of rainfall. From an 
inspection of this table it is apparent that in April over one-third of the entire amount of water for the year was 
discharged, and in March, April, and May three-fourths of the whole quantity. Nearly all of this goes to waste, 
for in most localities it is too early in the season to begin thorough irrigation. 
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The distribution of the rainfall iu the state has been discussed by General A. W. (ireely, Chief Signal OflQcer, 
in a pamphlet upon the climate of Oref^on.(rt) In this report are f^iven tables showing: tlie precipitation and 
temperature at various points, the facts being shown graphically upon ninps. In eastern Oregon there are 
comparatively few stations at which records of rainfall have been kept for any considerable length of time. At 
Camp llarney, near Malheur lake, observations were maintained at intervals from 18G7 to 1S80. The average 
annual rainfall for 7 full years was a trifle less tluni 11 inches, and of this amount less than 2.5 incthes, or 23 per 
cent of the whole, fell during the 5 months from May to September, in(!lusive. At Fort Klamath, situated at tlie 
head of Klamath lake and almost immediately at the eastern foot of the Cascade range, the record of rainfall ha« 
been kept, with occasional breaks, from 1864 to the present year. The mean annual rainfall ut this j>oint, which 
has an elevation of 4,200 feet, was 22.() inches, while the amount falling iu the 5 months from May to September, 
inclusive, was 3.3 inches, or nearly 15 per cent of the total. At Dalles, on the Columbia river northeasterly from 
Mount Hood, the average annual rainfall since 1875 has been 10.5 inches, 2.1 inches falling during the 5 months 
above mentioned. The rainfall for the extreme eastern side of Oregon is perhaps best shown by the record for 
Boise, Idaho, which has been kept since 1877, the average being 14.3 inches, 2.9 inches of thisamount falling during 
the 5 months from ^fay to September, inclusive. Combining the rainfall observations at Dalles, Fort Klamath, 
Camp riaruey, and Boise, Idaho, and assuming that the averages obtained represent the monthly distribution of 
rainfall over (»astern Oregon, the percentages of total precipitation shown in the following table are obtained: 

AVKKAGK MONTHLY I)ISCHAR(iK OF KIVKKS AM) PRKC'JPITATION IN KASTKKN OKE(iON. 



MONTHS. 



Discharge 

of rivers. 

(Percent.) 



Precipita- 

tiun. 
(Per c«*ijt.) 



Juniuiry . 
February 
^farcli . . . 
April .... 

May 

June 



July 

AUjrUAt 

SepteTnlM»r 
Octolwr. . 
N<»veuilM*r 
Dettcnilier. 



7.fi 



IG. *i 
12.0 



L'.'i. l» 


to..*) 


:i0.o 


H.7 


19.0 


6.3 


5.4 


5.\ 


1.6 


1.9 


o.» 


1.3 


1.0 


2.7 


\.:i 


7.4 


2. .'» 


11.2 


•J.o 


16.7 



The distribution of the rainfall throughout the year is strongly marked. In general it may be said that there 
are two seasons, the wet and the dry. The gn^atest amount of rain falls usually in De<*ember or January, and from 
that time onward the rainfall gradually diminishes to July or August, when the drought is at its maximum. In 
Septend)er and October there is a slight increase iu the amount of riiin, and this continues to midwinter. May, 
June, July, August, and September can be considered as dry months, while the perio<l from October to April, 
inclusive, is the wet season, during which from 75 to 85 per cent of the rain falls. Comparing the distribution of 
rainfall with the river flow, it appears that the point of maximum precipitation of rain or snow^ is reached in 
December or January, at least 3 months before the time of the greatest river flow, while, on the other hand, the 
periods of minimum rainfall and riverflow approximately coincide, occurring in August. The fact that the 
discharge of the streams does not coincide more nearly in behavior with the monthly distribution of rainfall is due 
principally to the ettect of the tem])erature. During the winter months a large part of -the precipitation occurs as 
snow, and this remains upon the mountains until melted by the warm winds of spring, (*.ausing a general increase^ 
in the quantity of water carried by the rivers. 

It is evident from the examination of the distribution of river flow throughout the spring and summer that 
these and similar streams tran not be made of the gi*eatest possible use to irrigation until methods are devised for 
holding back this surplus water of early spring, and keeping it to increase the low water during the period of low 
water a few mouths later. Storage reservoirs must be built in all favorable lo<*alities, and controlled in such a 
manner that the waters can be employed by the irrigators all along the course of the river. In order to accomplish 
this result, however, many engineering difliculties must be overcome and favorable legislation enacted both as 
regards the construction and maintenance of such works and the distribution of the water thus saved. 

LEIHSLATION. 

U]) to the time of the census the laws of Oregon were not favorable to the develo[)nient of irrigation. The 
majority of the ])opulation live west of the ( 'asca^le range, where the rainfall is abundant and irrigation not necessary. 
The laws regarding water, tlieretbre, have been those suitable to a humid climate, and in the direction rather of 



a<!liiiiateor Orej^ou luid Washiui^on territory. Fiftieth <'uugr(;sM. first settsion, Senate Exccative Dmnunent No. 282. 
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l)reveiiting diversions from the streams than of favoring the use of the water for irrigation. Of late, however, the 
necessities of the case have been impressed upon the i)ubUc mind and legishition favorable to irrigation 
enterprises has been placed upon the statute books. Irrigators state that their >vater rights have been in the 
greatest confusion, and that they have had no protection or security in their possessions, and since in arid regions 
land values rest directly upon the ability to secure a continuous supply of water the titles Ut property have been 
in a somewhat precarious condition, (a) 

DITCHES. 

The irrigating ditches of the state are as a rule quite small, and have been built by st^Hjk raisers to irrigate a 
few acres on their ranches, or by other settlers who have come into the country with scanty means and have been 
compelled to make use of temporary expedients in order to obtain a crop. There are very few ditches of large 
size already constructed and in operation, although a number have been projected. Most of the ditches have been 
built for a number of years, and their owners do not remember the details of their cost and construction. Taking, 
however, the statistics as given by irrigators, it appears that there was an independent ditch from some stream 
for every 200 acres of crop irrigated. The average cost of the small ditches under 5 feet in width was $260 per 
running mile, of those of 6 feet in width and over and less than 10 feet the cost was $1,060 per mile, and tVir those 
of 10 feet and over, $1,300 per mile. 

WELLS. 

Throughout eastern Oregon, wherever water can not be procured fi-om running streams there has been a 
general discussion as to the feasibility of obtaining water from wells. Many attempts have been made to obtain 
water in this way by digging or boring, and in a few instances flowing water has been struck. These instances 
are comparatively rare, and success appears to be due to some local peculiarity of geologic structure. The lai'gest 
flowing wells yet reported are those in the viciiuty of Baker, being situated in the broad valley through which the 
Powder river flows. This area is partially inclosed by spurs of the Blue mountains, the main range of which is 
to the northwest. The depth of these wells is reported to be about 150 feet, and the discharge may be as high as 
one-fourth of a second-foot, the statements on this point being meager. 

Other flowing wells are reported in Gilliam and Wasco counties along the Columbia river, where are a number 
of large springs, some of which may have been considered as wells by the owners. Attempts made to reach 
flowing water by drilling through the lava covered plateaus have not as yet been successful, and the probabilities 
are against it. In the vicinity of the lakes of Harney, Lake, and Klamath counties it is possible that small 
flowing wells can be found, judging from the similarity of geologic conditions there with those of other parts of the 
great basin region. It has been found that as irrigation is practiced on the edges of these broad valleys, as in 
the case of Utah Lake valley and Salt Lake valley, in Utah, the lower gravel beds become saturated, and when 
pipes are driven on the lower ground to a depth of from 20 to 100 feet, penetrating these gravels, a small, though 
constant, discharge is obtained. Although flowing wells may not be found on the higher plateaus, yet these 
4lrillings can not fail in many localities to reach water of some kind, and if this water should prove to be fresh 
and palatable, it can be pumped, as is already done in a few localities, fui'nishing a supply for domestic purposes 
and for the watering of stock, and even for irrigating small patches of ground. In an arid country even these 
areas, though insignificant in size, are relatively Of great importance to the development of other interests, such 
as stock raising and mining. 

VALUE OF PRODlJCn^S. 

An examination of the average value of products per acre, given in the following table, shows that the supply 
of water in the census year could not have been ample, but a comparison of these figures among themselves and 
with those for other states demonstrates that the cause ti^nding to make these averages small prevailed throughout 
all the agricultural comnmnities. It is a well known fact that fanners as a rule undervalue their products, 
especially those consumed, and there is a strong presumption that they overestimate the size of the areas cropped. 
Much of the land, especially in counties where grazing is the chief industry, is but carelessly irrigated. The water 
is applied to large areas and allowed to make its own way aeross the fields; the hay crop from this land is given a 
very small valuation by ranch owners, and since these areas are relatively large the average value of products is 

alu February, 1891. a law was I'uactod provuling f»r au appropriation of wat«*r from lakes and running HtreaniH for purposea of irrigation, for the condcranation 
of landrt for riglit of way of irrigating ditches, for extinguishing the claimH of riparian owners, and in general for facilitating the construction and maintenance of 
irngating worlds. The euitdoynicnt of thu waters of lakes an<i streams for irrigation and household purposes or for wat(>ring stock upon dry lands is declared t<t be 
wpablic use, and the right to collect compensation for such waters franchise. All existing appropriations of water for beneficial purposes, made in accordance with 
laws or establisheil customs, are to be respected and upheld to the extent of the amount of water actually appropriated. New canals are to be constructed by the 
most direct route practicable, and two or more ditches are not to be made through a tract of laud when the water can I>e convoyed in one ditch. All cor]>oratiang 
shall snpply water to consumers applying therefor, upon the tender of the customary rates and the coustractlon of necessary distributaries, unless there shall be an 
insnificient amount available. Dues for water become a pn-ferred lien upon all crops raised by its use. Interference with irrigating works is prohibited by penalty, 
and, on the other hand, corporatiouti are held liable for damngt'N due tu neglect or want ul strength in otructuree built by them. 
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corresiKiudingly small. By multiplying the average value of products per acre by the average uumber of acres in 
crop the average annual return to each farmer should be obtained. In the case of Oregon this is approximately 
$778, which is apparently the average earnings per irrigated farm, excluding the ))rofits from stock raising, which, 
however, is the principal source of revenue to the farmer. 



CONDITION OF IRRIGATION IN EACH COUNTY. 
NKMBER OF IRRKUTORS. AREA IRRKJATED, FARMS, AND CROPS IN EACH COUNTY IN OREGON IN 1889. 



COrNTlE8. 



Num- 
ber of 
irri- 
gators. 



Area 
irri- 
gated 

in 
acres. 



Aver- 
age 
size of 
irri- 
gated 
, farms 
' in 
I acres. 



OWNERS OP 
FARMS, (a) 



IRRIGATORS. 



F.\RM ARKA. 



AREA IRRIGATED. 



Total , 3,150 177. W4 



56 



Baker .. 
Crook . . 
Gilliam 
Grant .. 
Harney. 



Jackson . . 
Josephine 
Klamath.. 

Lake 

Malheur. . 



Morrow . 
Sherman . 
Umatilla. 
Union . . . 
Wallowa 
Waaoo... 



408 
245 
78 
:i25 
240 

160 
144 
56 
355 
320 

45 
8 
148 
346 
111 
143 



'.. I 



31, 471 


77 


8,^18 


35 


1,037 


13 


i 18,718 


58 


26.289 


110 


3.230 


19 


2,598 


18 


5.609 


102 


. 25,549 


72 


22.037 

1 


67 


879 


20 


142 


18 


3,671 


24 


21,947 


63 


4,147 


37 


2.012 


14 



Total 
num- 
ber. 



10, 159 

455 
622 
673 
624 
482 

798 
398 
832 
372 
378 

700 
373 
1,372 
1,104 
603 
873 



Per : Per ! Per 
cent of cent of j cent of 
farm popn- 



Area of 
counties 
in acres. 



popu- 
lation. 



owners.; lation. 



11.35 31.01 



6.73 
19.17 
18.69 
12.28 
18.84 

6.97 

8.16 

13.58 

14.29 

14.53 

16.65 
20.81 
10.25 

9.17 
16.47 

9.51 



89.67 
39.39 
11.59 
52.08 
49.79 



3.52 . 

6.03 
7.55 
2.17 
6.40 
9.38 



21.18 


1.48 


36.18 


2.95 


16.87 


2.29 


95.43 


13.63 


87.04 


12.65 


6.43 


1.07 


2.14 


0.45 ; 


10.79 


1.11 ' 


31.34 


2.87 


18.41 


3.03 


16.38 


1.56 



45, 137, 920 ; 

I 

1, 260, 800 ■ 
5,216,000 . 
1.088,000 
3,502.080 
6. 784, 000 

1.843,200 I 
1'. 027. 200 
3.532,800 , 
5. 145. 600 
6, 359, 040 

1,292,800 
326,400 
1,846,400 
1,942,400 I 
1, 849. 600 
2,121,600 , 



Acres. 



'Cereals.Alfalfa. 
Pp^ i(Acre«.>|(Acres.)! 

centinij ' ! 

proved, 



Per 



3,537.231 



111.295 
176,089 
260, 309 
199,590 
469.813 

228,055 

71,143 

137,841 

151,968 

87,190 

273. 873 
150.789 
526, 082 
320, 678 
119, 189 
244,327 



56.11 

54.59 
33.92 
36.44 
42.19 
46.90 

69.21 
29.98 
54.68 
75.93 
43.80 

80.97 
do. y4 
73.04 
56.95 
40.60 
61.60 



Per 

centofi*^???:?' land 

area of 

county. 



total 
farm 
area. 



333,921 

6.629 
3.690 
17,441 
3,205 
2. 457 



.16,740 

1,278 

1.113 

367 

519 

250 



0.39 



5. 



03 



owned 
by irri- 
gators. 



15.89 



24,654 


3,479 


3,952 


310 


4,404 


74 


1.898 


53 


1,761 


1,937 


29,981 


1.620 


34,161 


80 


139.187 


2,004 


46,144 


2.076 


4,246 


27 


10, 111 


564 



2.50 


28.28 


29.45 


0.17 


4.89 


9.00 


0.10 


0.39 


2.07 


0.53 


9.38 


14.29 


0.39 


5.60 


18.31 


0.18 


1.42 


5.81 


0.25 


3.65 


6.61 


0.16 


4.13 


15.68 


0.50 


16.81 


20.88 


0.35 


25.27 


26.05 


0.07 


0.32 


2.81 


0.04 


0.09 


9.51 


0.19 


0.68 


6.18 


1.13 


6.84 


22.72 


0.22 


3.48 


16.27 


0.09 


0.82 


5.02 



Aver* 
age 

value 
of 

prfid- 
aeU 
lier 

acre. 



$13.00 



12.32 
17.91 
20.20 
14.34 
13.38 

22.42 
24.85 
17.16 
11.37 
10.91 

36.59 
14.53 
32.59 
19.03 
16.17 
33.78 



a Includes owned and hired farms, assuming one farmer to each. 

Baker county is in the eastern end of Oregon, extending from Snake river to the Blue mountains on the 
west, and from Powder river on the north southward to the divide between Burnt river and the tributaries of the 
Malheur. The surface of the county is in general hilly or even mountainous, especially in the western part. The 
rocks, most of which are of eruptive origin, contain small quantities of gold, and the streams which flow from the 
Blue mountains to the Snake river pass through rich dei)osits of gold-bearing gravels. This mineral wealth 
attracted the earlier settlers, and it was only after the establishment of several important mining camps that stock 
raising and the cultivation of the soil were undertaken. Placer mining is still carried on whenever there is sufficient 
water, but its relative im]>ortance lias considerably diminished. Crops can not be raised in the eastern end of this 
couuty without irrigation. The only exception to this statement is perhaps in the case of rye, which, if planted 
early in the spring, may mature without artificial watering. The water supply for irrigation is not of the best, as 
the streams depend largely upon the melting snows of the mountains. The altitude of the range is not sufficient 
to cause the accumulation of great masses of snow, and in some years the precipitation is light. As a consequence 
of the general low altitude of the mountain masses, the snows often melt early in the spring, causing floods in 
March, Ai)ril, or May, before there is need of irrigation. Later in the season, when the demand for water is greatest, 
the streams become almost dry. Water storage, therefore, is urgently needed, and is already being attempted in a 
small way. 

Powder river flows easterly from the southern spur of the Blue mountains, then turns north into a broad valley 
and eontimies along the foot of the range, receiving on its way various tributaries from the mountains to the west. 
After flowing in this direction for from 30 to 40 miles, it turns abruptly to the southeast and finally enters Snake 
river. Farmers have settled in the valleys along this river, and water is diverted for irrigation from the tributaries 
coming in fi^om the west, as well as from the river itself. Netirly all of tlie ditches are small, and have been built 
by individual farmers, there being few owned by corporations. Burnt river rises south of Powder river and flows 
in a general easterly course to Snake river. The sands of this river and its tributaries are especially rich in gold, 
as are also those of Willow cre-ek, which is still farther to the south, in Malbeur county. There are also extensive 
deposits of auriferous gravels on the low divide between these streams, and the waters of Burnt river have been 
4liverted by long and exj)ensive ditches to work these higher placers. The amount of water available is so small 
that this kind of mining can be carrietl on only for from 1 month to 3 months in each year. Farmers have 
settled along Burnt river and in favorable localities have taken out small irrigating dit<^hes. As is usually the 
case where miners and farmers use water from the same stream there is more or less comphunt on the part of the 
irrigator that the mining companies interfere with his operations by diverting the water or by overloading it with 
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sediment. Tbe older settlers also assert that the iiicreasiiif^ use of water for the irrigation of new laud farther up 
the stream is gradually depriving them of their share, and that they can not raise crops on more than two- thirds of 
the land formerly tilled. 

Crook county is in central Oregon, lying east of the Cascade range and west of the southern spur of Blue 
mountains. The surface of the country is in general rough and broken, and it is covered by vast sheets of lava, intO" 
which the rivers have cut deep canyons. In the western half of the county are extensive tracts of high lands 
known as the " Desert''. Much of the soil of this area is covered by sand, and occasionally rough blocks of lava 
appeal* above the surface. The county as a whole is well adapted for stock raising, as the nutritious bunch grass 
is found almost everywhere, even on the *^ Desert''. Sagebrush and juniper abound, the latter being used for fuel 
and also for fencing. Few crops can be raised without irrigation. Rye, the principal cereal, is generally cultivated 
without the artificial application of water, but other cereals are usually irrigated if possible. By summer fallowing, 
however, fair crops of wheat, oats, and barley are raised on the higher grounds whenever the drought is not too 
severe. Along the river bottoms, wherever water can be taken out farmers have dug snuill ditches, and are- 
bringing land under irrigation a« rapidly as their means will allow. There are large tracts of higher level lands^ 
above the reach of water unless it is held by storage among the hills. 

The greater part of Crook county is on the head waters of Deschutes river, which flows northward into the 
Columbia. A small part of the northeast corner borders on Johndfiy river, which drains Grant county, and also 
flows northward, entering the Columbia a few miles above the mouth of the above mentioned river. Deschutes 
river receives the greater portion of its water supply from the eastern slope of the Cascade mountains, where are 
a number of lakes, each at the head of a tributary of the stream. Owing to the influence of these lakes or to the 
gradual i>ercolation of water to the river the amount discharged fluctuates within comparatively narrow limits.. 
It is reported that the height of the river ordinarily does not vary more than from 18 inches or 2 feet during the 
course of the season. It is possible that some of the waters of this river can be taken out upon the high arid 
plains along its upper course, and it appears not improbable from the reports of irrigators in the county that a 
great irrigating system can be profitably constructed along this river. There seems to be no question as to the 
permanence of the water supply, the fertility of the land when irrigated, and the favorable character of the 
climate. 

The principal tributa»*y of Deschutes river in this county is Crooked river, which flows in from the east, 
carrying the water which drains from the mountains of the western part of Grant county. The supply of water in 
this stream is in general large enough for the area of irrigable land in the narrow valleys along its course. The 
smaller tributaries, however, become nearly, if not quite, dry early in the summer, and without storage are of 
comparatively little value for irrigation. Under the stimulus of recent legislation a number of enterprises have 
been undertaken with the object of diverting water from Crooked river or its tributaries. Among these may be 
mentioned the ditch of the Prineville Irrigation Company, which takes water from Crooked river south of 
Prineville and runs out on the west side of the stream. When completed the ditch will b^J^ JOl^§*L ^^^S and 12 
feet wide, and it is estimated to cost $12,000. Work was begun in October, 1890. There are small ditches taking 
water from Ochoco river, the principal tributary of Crooked river, as well as from the latter stream, and, in short, 
wherever water can be taken out upon arable land at little expense ranch owners throughout the county have 
done so. By far the greater acreage irrigated is for forage, since there is very small demand for other jiroducts. 
During the drought of 1888 and 1889 the streams shrunk to a volume so small that only a small portion of the hay 
crop could be irrigated. As a consequence, the yield was far below the average, and great numbers of cattle 
perished for want of food. 

Gilliam county is in northern Oregon, northeast of (3rook county, from which it is separated by Johnday 
river. It extends along the east side of this river in a comparatively narrow strip from the mountains on the south 
to the Columbia river on the north. Like that of Crook county, its surface is broken and the principal streams, 
flow in canyons or narrow valleys far below the general level of the plains. In many years crops can be raised 
without irrigation, and most of the farmers trust to an occasional rainfall to bring these to maturity. Along the 
valleys, however, farmers are irrigating gardens and small patches of alfalfa wherever a perennial supply of water 
can be found. The higher lands of the county, being far above the reach of water from the large streams, can not 
be irrigated except in a few localities where storm water can be held in storage reservoirs. The farmers of the 
county are endeavoring to cultivate such crops as will require the least moisture. Often, however, they are 
compelled to bring water for several miles for domestic uses, and it is with difficulty that even this small amount 
can be procured. 

Grant county is east of the center of Oregon, lying between Baker and Crook counties. It is on the west 
side of Blue mountains, and contains the greater part of the head waters of Johnday river. As in the counties just 
mentioned, the surface as a whole is broken, the rivers having cut deep canyons, in which they flow at places 
several hundred feet below the general level. Mining and stock raising are the principal industries of the county. 
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and aKncu]tui*e iU'oper is slowly gaiuiug in impurtance. There are no railroads in the eoauty; transportutiou is 
difUcult and expensive, and the are^i of arable land is, in ex)mparison, so small that it seems probable that stock 
raising,\vill for some time remain the [trincipiil oecupation of the settled population. Very little can be raised 
without irrigation. In some places rye t)r barley yields a fair return without the application of water, but, as a 
rule, it is a matter of considerable risk to cultivate any crop without having an abundant water supply at hand. 
The altitude of the agricultui*al lands ranges from 3,000 to 5,000 feet, and thus the climate of a ))art of this area is 
so cool that frosts may occur even during the summer months. The principal farms of the county are those along 
the banks of Johnday river, which are so situated that water from that stream can be brought upon them. Some 
of this lowest land is flooded by the annual overflow of the river and requires little, if any, artificial watering. 
Besides the farms on the river, there are a large number of ranches situated upon the creeks which flow from the 
higher mountains. Water is nse<l on these for raising hay and for the small amount of produce required for home 
consumption. 

The water supply of tlie (rounty as a whole is good, from the fact that the area of level land is limited, and 
there are large areas of elevated catchment from which wat^^r comes. Johnday river carries throughout the year 
a large amount of water, but the smaller streams after the spring floods decrease rapidly in size, and many of 
them become almost, if not (|uite, dry during the summer season. Farms along the main river, so situated that 
water can be brought to them, possess a great advantage in this regard over those on the smaller streams. The 
main branch of Johnday river rises in the mountains on the east side of the county and flows nearly west for about 
60 n^iles, passing through what is known as Johnday valley, containing the principal body of farming land in the 
county. On its way it itHJcives numerous tributaries which enter the valley from both sides and furnish, at least 
in the spring, a supply of water for the higher lands. The farming land along the valley averages about 1 mile in 
width, while that used for grazing is from 10 to 20 miles wide. At the western or lower end of the valley the 
south fork comes in, and the stream turns almost due north, passing through a spur of Blue mountains. It then 
receives the waters of the north and middle forks antl turning to the west passes out of the county. On the 
southern edge of the county is a portion of the head waters of Silvies river, which flows south into Harney county. 
Some irrigation is done from this stream, but the altitude is so great that only the hardier crops are raised. 

The earliest ditches wcmc built for mining and are still employed to a large extent for this purx)ose whenever 
there is sufficient water. Irrigators use the surplus waters from these ditches, there generally being an abundance 
until the middle or end of June, but when a time of scarcity occurs they are compelled to pay for the water uschI. 
Most of the irrigating ditches have been built by individuals, although along Johnday valley there are cases 
where farmers have joined in partnership in the construction of irrigating systenjs. Although there is an ample 
supply of water in this stream, no attempt has been made to take out a large canal to cover the higher lands on 
account of the engineering diflieulties and the expense involved in the construction of such works in this hilly 
country. 

Harney (bounty is in the southeastern part of Oregon, lying south of Grant county. The greater part of 
this area, as well as that of Lake county to the west, is within the great basin, the streams flowing into shallow 
lakes or sinks from which the water escapes only by evaporation, the contained mineral matter tending to 
accumulate and to make the water saline, similar to that of Great Salt lake, in Utah. None of these lakes are as 
salt as this gieat body of water, and in many of them the water is so fresh that it can be used for domestic 
pur[M>se8 and for watering cattle. Other lakes, as, for example. Summer and Abort, <!ontain a strong solution of 
potash and soda salts. An explanation given by (lilbert of the nonsaline character of some of these lakes is that 
they occupy basins which in a <*ompai'atively recent time were completely dry. A very slight change in the climate, 
as, for example, a small decrease in annual rainfall, would cause these lakes to disappear, while, on the other hand, 
a slightly increased annual pret*ipitation would fill some of them to overflowing. This is the case with Malheur 
lake, which in past times hus overflowe<l and contributed water to the Malheur river. 

The oscillations of climate indicated by the ancient shores of these lakes are of especial interest as showing 
that in times past there have been great clianges in the water supply of this area. As shown by the beaches, the 
valleys have l)een filled with water in some instances to a depth of several hundred feet and have again been ' 
completely dry, the climate having apparently been far more arid than at ])resent. This period of excessive 
aridity was followed by an increase of rainfall, so that again the water filled the valleys U} a height even greater 
than before. Then canu* a gradual decrease to a second period of aridity, which has <*>ontinued with small 
oscillations to the present, the slight changes of this century being almost insignificant in (comparison with those 
which have taken i>lace within geologic time. 

On the eastern edge of Harney county the middle and south forks of the Malheur rise in the mountains, 
forming the rim of the basin, and flow out in a general easterly direction across Malheur county into the Snake 
river. Oil the northern side of the county is a low range or detached spur of the Blue mountains. These rise to 
heights of 6,000 fi*et or over, and from them numerous streams flow in nearly every direction. Those which go 
toward the s<Mith come out uiK)n the broad Harney valley, after passing through the low foothills, in which are 
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numerous smaller valleys. Ju time of flood the water traverses the broad plains and finally collects in the lowest 
parts, forming sinks, the most important of which are Malheur, Harney, and Silver lakes. The waters of these 
lakes are increased also by streams which come into this basin from the south from Stein mountains, whose 
altitude is upward of 8,000 feet. 

The i)rincipal industry of the county is stock raising, a little hay being cut for winter feed, and also some 
barley, rye, oats, corn, and vegetables being produced for home consumption. There are excellent cattle ranges in 
the mountains to the north of the county and also on those south of Mallieur lake. Comparatively little irrigation is 
done, and it is mainly from small springs among the hills, the water of the larger rivers being controlled to a great 
extent by cattle companies and used to flood large areas of meadow. Agriculture proper has hardly been 
introduced in the county, and irrigation everywhere is carried on impeifectly. Some of the settlers who are too 
poor to construct ditches have attempted to raise crops without an artificial supply of water, but they have 
generally failed, and in some instances they have been compelled to abandon tbeir homestead claims. In other 
cases where a small amount of laud was irrigated successfully for a few years, the decrease in the amount of water 
flowing in the streams during the two years of drought has resulted in sucli a scarcity of water that these lands 
could not be irrigated, and they also have been abandoned. There have been disputes concerning the distribution 
of water, and the owners of the smaller ranches complain that large cattle companies monopolize the present 
supply and prevent irrigation development. 

The crop areas of the county are in the small valleys among the mountains in the northern end of the cx)unty, 
or in Harney valley along the streams near the point where they leave the foothills. There are also ranches along 
the streams which flow from Stein mountains, in the southeastern part of the county. The principal settlements, 
however, are to the north of the lakes, which occupy nearly the center of Harney valley. Harney valley contains 
the most extensive area of nearly level, fertile land in eastern Oregon, and would be capable of supporting large 
agricultural communities if water could be secured for the irrigation of all of its rich soil. The streams entering it 
do not furnish enough water to supply even a small fraction of this area. Water can be found in most places at 
a depth of from 10 to 20 feet, and in quantities sufficient for domestic purposes and for cattle. It is probable that 
if this water can be raised to the surfiice by some cheap mechanical means areas of considerable size can be 
cultivated, At present the land is almost valueless, and the valley is in appearance nearly as wild as when 
discovered. 

The principal stream, coming from the north into Harney valley and emptying into Malheur lake, is known a« 
Silvies river. This is a perennial stream to the point where it leaves the foothills, but beyond this place its.channel 
at times becomes dry. At the point where it enters the valley the discharge is reported to be usually fi^om 50 
to (JO second-feet. To reach Malheur lake it must traverse the valley for a distance of about 25 miles^ and it can 
do this only in time of flood. During the irrigating season of 1888 the river flowed for a distance of over 9 miles 
into the valley and in 1889 it extended only 7 miles. In 1890 the waters reached the lake, but did not continue to 
do so for any long period. Harney valley is so nearly level that in times of flood the water of Silvies river and other 
streams spreads out over the surface or subdivides into numerous channels or sloughs before reaching the ojien 
lake. During the time of the annual flood therefore it is a matter of no great labor or expense to divert the water 
by little channels or furrows and cause it to flood large areas, from which crops of hay can be cut later in the season. 
In times of drought, however, as in 1888 and 1889, these lower level lands do not receive any water, and irrigation 
can be carried only at points higher on the stream. On the lowest lands in this valley there is, during years of 
unusual flood, an excess of water in March, April, and May, but by the first of July the supply is always scanty. 

Near the head waters of Silvies river is Silvies valley, over 10 miles in length and from 1 mile to 3.5 miles in 
width. The river flows through the center of this valley and is bounded by bottom lands for the greater part of 
this distance. On each side are Sagebrush plains sloping up to the hills, which are partially covered with the 
species of pine common to that part of the country. The elevation is about 5,400 feet, and the climate is generally 
cold and frosty, although during some summers there is no frost for a period of from 2 to 3 months. Irrigation is 
carried on in this valley for the purpose of raising hay, the greater part of the water supply being owned or 
controlled by a cattle company. West of Silvies river is Silver creek, which flows southerly and southeasterly 
toward Harney lake. The water supply, however, is deficient and does not supply the needs of the irrigators 
depending upon it. In the northeastern part of the county in the vicinity of Drewsey, on the middle fork of the 
Malheur, considerable irrigation is practiced, mainly by means of water from the small streams flowing from the 
mountains. 

Jackson county is in southern Oregon, west of the Cascade range. It thus lies outside of the arid regions 
of the United States, since the rainfall on the western side of the Cascade range is usually sufficient for the needs 
of agriculture. Irrigation is carried on to a certain extent, as larger crops per acre can be raised by this means. 
The principal industries of the county have been mining and stock raising, but, since there is a railroad running 
through the county furnishing transportation from California to the Columbia river, the cultivation of small grains 
and fruits has assumed a greater importance. These are successfully raised without the artificial application of 
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water, but it has been found that certain soils, apparently barren and sandy, can be rendered very productive by 
irrigation. This is especially the case in the cultivation of certain forage plants, alfalfa, timothy, and other 
native grasses yielding under this method of cultivation a large return on tracts otherwise almost worthless. The 
climate, like that of all the counties near the coast, is mild and favorable for the production of fruit, many of the 
orchards being irrigated. 

The water supply of the county is large. Nearly all the streams are tributary to Rogue river, which flows 
in a general westerly direction into the Pacific ocean. The valleys in general are narrow, and are at an elevation 
of from 1,200 to 2,000 feet and upward. The amount of level land is comparatively small, and it is necessary, 
therefore, in most cases to build long and somewhat ex^x^nsive canals in order to cover a large area of irrigable 
land. With the abundant water supply and genial climate it is probable, however, that large irrigating systems 
can be profitably constructed in this county. The principal areas at j>re8ent irrigated are in the vicinity of 
Ashland on Bear creek, near Brownsboro on Little Butte creek, and near Uniontown and Applegate on Applegate 
creek. Mining has been carried on prihcipally in the western part of the county, and the waters of the streams 
have been diverted largely for this puri)ose. As the mines were worked out, the water has been used more and 
more for purposes of irrigation. This is especially the case in the vicinity of Applegate, where there are numerous 
claims to water rights, and large reservoirs have been constructed, furnishing water for many mile^ of ditches 
and flumes constructed for the mining companies. This water is easily transferred to the adjacent fields and 
gardens, causing a i^apid increase in the areas irrigated. In the liogue River valley, in the center of the county, 
are a large number of streams coming from the steep mountain slopes. The waters are used on areas near Ashland, 
where the soil is dry and requires thorough irrigation. Also along Little Butte creek the soil and underlying 
gravel deposits require thorough saturation before agriculture can be made profitable. 

Josephine county is in southwestern Oregon, west of Jaekson county, to which it is similar in many resitects. 
Mining and lumbering are the principal occu])ations, agriculture being relatively of small imi)ortance. The valleys 
ai*e narrow, and the tilled lands are in general at a distance from the railroiul too great to repay the expense of 
transportation. As in the case of Jackson county, the water supply is large, although there are instances in which 
it is inadequate for present needs. This is due, however, largely to lack of proper care in distributing and using 
the amount available. The county lies almost wholly within the drainage basin of Illinois river and Leland creek, 
both of which are tributary to Rogue river. In all parts of the county crops are successful without irrigation, 
but it has been found advantageous to use river water on account of the increased ])roductiveness of the soil. The 
areas irrigated are in general small, and consist principally of orchards and fields of aifal£ft or other hay producing 
plants. By irrigation these forage plants produce a second or third crop in the summer, when otherwise the 
summer's drought would not permit their growth. The principal areas irrigated are in the vicinity of Waldo, 
Althouse, and Kerby, on the head waters of the Illinois river; also on Applegate river, below the town of that name, 
and along Leland creek. Irrigation has developed but little, and it may be said to be still in its infancy. On 
some of the smaller creeks the older irrigators are already complaining that the late coiners do not respect their 
priority of right, and are diverting waters which should be used by those who first settled the valleys. Thus, even 
here, in this humid clinmte the necessity of a systematic distribution of the water is beginning to be appreciated. 
There are as yet no corporations selling water, and very little, if any, outside capitiil has been invested in irrigation 
works. Thousands of acres of good land, however, ('an probably be brought under irrigation with profit. This is 
esi>ec*ially the case on the higher lands, which in the latter ])art of the summer become too dry for successful 
farming. 

Klamath ooi'NTY is in southern Oregon east of the Cascade range. In many respects it is similar to Harney 
and Lake counties, which lie to the east, but it is unlike them in the fact that its principal lakes have an outlet 
to the sea. Although it is topographi<*ally similar to the great basin region ye^the greater part of the county 
is included within the drainage basin of the Klamath river. A large i)art of the county, especially in the northern 
end, contains small lost river basins, that is to say, drainage areas within which the water collects in some small lake 
or marsh and is gradually lost by evaj>oration. The Klamath lakes, however, in the southern i)art of the county, 
when at a higher level cut a narrow channel through the Oascaile range, through which the surplus water now 
esca])es. The principal industry of the county is stock raising, and agi'iculture proper fs making but slow progress. 
Crops aiiB often raised without irrigation, and in many years wheat, oats, rye, barley, and vegetables are 
successfully produced, although the yield per acre is only about one-haJf or one-third that on irrigated land. Irrigation 
is grivdually gaining a foothold ami promises a rapid development in the future. There appears to be excellent 
opportunities for the construction of I'anals to cover the level lands in the vicinity of Klamath lakes and along 
Lost river and Tule lake. Irrigation construction has been retarded by liwk of capital and by the unfavorable 
condition of legislation attecting water rights. 

The principal stream of the county is S])rague river, which rises in the mountains on the eastern edge of the 
county and flows westerly into Klannith lake. This river, and es[KH!ially its niiddU'. and scmth forks, carry a large 
amount of water, sutllcient to irrigate the greater portion, if not all, of the level hinds ahmg the stream. South 
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of this is Lost river, which empties in time of flood into Tule lake. Along the course of this stream are a number 
of large valleys with fertile lands, but the amount of water in the river is not suflicient to irrigate more than a 
small portion of them. A very small part of the amount at present available is utilized. 

The loss of crops following the drought of 1888 and 1889 has caused the .inhabitants of the county to look 
upon irrigation as a necessity, and attempts are being made to increase the area under ditch. There are many 
localities favorable for the construction of irrigation works, especially in the vicinity of the Klamath lakes, where 
the soil is especially rich and large crops are raised whenever there is sufficient rain. On the eastern side of the 
county there area few small ditches for irrigation, but the land is wet mainly by the overflow of the small streams 
in the springtime. There is an abundance of water near the higher mountains, but as a rule, wherever even a small 
crop can be raised without artificial watering, no irrigation is attempted. A few farmers living remote from rivers 
have been able to do a little irrigation by means of springs. Ditches are usually a mile or so in length, being 
built by eac^h irrigator to bring water to his own land. For example, one taking water from the south fork of the 
Sprague river runs along the south side of the river for about a mile, with an average width of 2 feet. The dam 
in the river is rebuilt each year, as it is destroyed by high water. About 50 acres of hay are irrigated, 20 acres 
timothy and the balance native grass. 

In the western end of the county, however, in the vicinity of the Klamath lakes, are several large irrigating 
systems. One of these, the Big KJamath ditch, takes water from Klamath lake about 1 mile above the town of 
Linkville, Oregon. It runs southerly on the east side of Link river to the town of Linkville, and then turns 
eastward toward Lost Eiver valley. The totnl length of the dit<jh is 16 miles, the average width 20 feet, depth 
from 2 to 3 feet, and the cost was approximately $20,000. The water is taken directly from the lake, the level of 
which fluctuates but slightly each year. The ditch is owned by the Klamath Falls Irrigation Company, which 
delivers water to irrigators at the rate, it is stated, of $4 per miner's inch. About 2,000 acres were watered by this 
ditch in 1889, a large proportion of this being in grain and alfalfa. It is estimated that a miner's inch measured 
under a 4-iuch head will irrigate 1 acre. The water supply for this ditch is far in excess of its capaeitj^, and it is 
proposed to enlarge it as the demand for more water arises. 

The Little Klamath ditch takes water from the lake of that name at a point about 3 miles south of the state 
line in Siskiyou county, California, and runs northerly through a tule marsh for nearly 3 miles, then through a dry 
lake bed for 1.5 miles, and thence by a deep cut to Lost Eiver valley, along which it flows northerly for over 2 
miles and crosses the channel of Lost river by a flume. After passing through the deep cut a branch of the ditch 
continues southeasterly about 3 miles down Lost Eiver valley. The total length of the main ditch is 16 miles, ^^^ 
average width 20 feet, depth about 2 feet, and slope of ditch nearly 2 feet per mile. Tlie total cost is variously 
stated at from $20,000 to $40,000. Water is delivered to the users at the rate of $2 per miners inch per season, or 
for about $1 per acre, a permanent water right costing $8 per acre. The land with water right is valued at $20 
per acre. 

Lake county is in the center of southern Oregon, lying adjacent to California and Nevada. It is within the 
great basin, all of the streams rising in the mountains flowing out upon broad valleys, or being lost in shallow 
lakes or in the marshes which have resulted from the gradual filling of these lakes. The agricultural settlements 
of the county are mainly in the vicinity of Lakeview, at the northern end of Goose lake, or nejir Paisley, along the 
Chewaucan river. There are also ranches in the vicinity of Summer, Silver, and Warner lakes. The principal 
industry is stock raising, and the crops are mainly for forage purposes. The climate and soil are capable of 
producing almost any of the crops of the temperate zone, but owing to the lack of transportJition facilities it 
is evidently impracticable to attempt to raise anything which can not be consumed on the spot. The nearest 
railroads are from 150 to 200 miles from the towns of this part of Oregon, so that it is unprofitable to export 
anything excejit cattle, which can be driven out. During the great drought of 1888 and 1889 the feed for the 
cattle became so scanty that greiit numbers perished during the cold weather, the losses being almost incredible. 

A few crops, mainly of wheat, oats, barley, and rye, can be raised without irrigation, especially in the higher 
valleys, but the yield is small and does not compare in quantity with that obtained from irrigated lands. On the 
lower lands the grain sometimes fills without irrigation, but the kernels are larger and plumper after the application 
of water to the soil. Hay must be irrigated in order to produce a quantity suflicient to repay the labor of cutting. 
The methods of irrigation in this and adjoining counties are of the simplest and crudest kind, and for the most 
part consist in producing large artificial marshes or meadows by causing the spring floods to spread over the 
level ground. The valleys are nearly level, and the streams after leaving the mountains meander through them, 
sometimes dividing into several channels, and unless the waters are lost by evaporation they flow to the lowest 
part of the valley, where they form marshes or shallow lakes. During the spring floods the lakes rise and increase 
the area of marsh land, and during the summer the waters evaporating retreat and the marsh gradually dries. The 
irrigators to a large extent imitate this natural process. During the spring floods they cause the water of the 
streams to spread over the ground by placing temporary dams or obstructions in the streams. Sometimes a few 
short ditches are dug, but usimlly the flooding is done by furrows, or by allowing the water to find it« own way. 
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The snow generally begins to melt shortly after the first of February, or from that time on to the latter part of 
March, accordini;: to the lateness of the season. The floods, whieli begin at that time, spread over the nearly level 
valleys and cause the grass to siiring up. If the water is diverted from these low gnmnds for any length of time, 
as a week or more, the soil quickly dries and becomes hard, and the grass withers. 

The natural marshes occupying the lower portion of the valley are generally owned by cattle men, who 
claim that the waters flowing into these marshes sh<mld not be diverted at any point above, but allowed to flow 
undiminished to these lands. Irrigators who have built ditches to take the water out upon dry land above or around 
the marshes have been restrained from so doing under what are known as the riparian laws, the eft'ect of which 
is to prevent interference with the natural flow of the streams. In this way the owners of the marshes preserve 
them as meadows, although the same amount of water which floods them annually could probably be used to far 
greater advantage upon higher lands by the construction of systematically planned irrigating ditches. 

The valley about Goose lake is the best watered of any in the county, and is consequently most thickly settled. 
There the crops in ordinary years do fairly well without irrigation, but in times of drought irrigation is necessary 
to prevent a failure. There is an abundance of water flowing from the surrounding mountains into the lake, much 
of which can be utilized only by the construction of reservoirs and canals. The mountains are well timbered and 
afford an excellent summer range for stock. In Drew valley, about 15 miles northwest from Goose lake, are ranches 
raising hay by means of water taken from the creeks. Each irrigator has his own small ditch, and the water is 
divided according to circumstances. The meadows around Goose lake, which are wet by the seepage and overflow, 
fluctuate in area according to the rise or fall of the lake. In 1889 the lake was unusually low, there being less 
water than there had been for many years previous. As a result, there was considerable loss of crops in the \icinity, 
and during the succeeding winter thousands of cattle perished owing to the diminished supply of forage. 

In Warner valley, which lies east of Goose lake, are extensive marshea created by the annual overflow of 
Warner lake. The greater part of this area is held as swamp land by cattle owners. In the northern end of this 
valley is a large body of desert land, some of which may possibly be irrigated by means of canals, which at the 
same time would reclaim a great portion of the swamp land. These canals and necessary reservoirs would be very 
exi)ensive. Ea«t of Warner valley is a mountain block presenting a precipitous face toward the lake, but having 
a gentle 8loi)e toward the east. This slope aff*ords fine grazing lands, watered by numerous springs which flow out 
and gradually disappear into the desert. 

Beyond the mountains to the north of Goose lake is Chewaucan valley, watered by the river of the same name, 
•one of the most important streams of the county. This river rises in the wild, rugged region between Summer 
and Goose lakes and, cutting through one of the uplifted mountain blocks, it enters the valley to the west of Lake 
Abert. Here its waters are lost in a great marsh, which was at some former time a shallow lake, but is now filled 
by sediment brought in by the running water. The town of Paisley is located at the point where the river leaves 
the mountain gorge through which it has cut, and where the valley begins to widen. Northerly from this town 
there are reported to be about 20,000 aeres of excellent sagebrush land to which the waters of the Chewaucan 
might possibly be conveyed. Also surrounding the great marsh on the east and west is much good farming land 
needing water. Irrigation companies have already been formed, and probably in a few years all the available 
water of the Chewaucan will be used. 

At the south end the upper marsh narrows, and a stream flows for about 1.5 miles between sagebrush flats 
and spreads again, forming the lower marsh. It is estimated that these two marshes contain approximately 19,000 
acres. It is highly probable that by carefal use of the water upon the higher lands much of this marsh could be 
reclaimed and cultivated. The overflow from the marsh land cuts through a second ui^lifted mountain block into 
the valley beyond, where it is lost in Lake Abert, the waters of which are strongly saline. 

Besides Chewaucan river there are several streams flowing into these marshes. These come mainly from the 
southwest side of the valley, and their waters are now all appropriated, as are also those of Crooked creek, which 
flows into Lake Abert. Probably no more land can be irrigated from these except by the construction of reservoirs. 
Northwest of Chewaucan valley, and in about the center of the county, is Summer lake. The agricultural land is 
nuiinly in a narrow strip along the west side of the lake and at the foot of a pre43ipitous mountain mass from which 
many small streams flow. These are used for irrigation, although the land, on account of its proximity to the 
mountains, is not very dry. On the east and north of Summer lake, however, the land is extremely arid and 
consists of sand hills and alkaline flats. There are a number of large springs here, some of the water being used 
for irrigation. 

Silver lake is northwest of Summer lake, and, unlike the latter, its waters are fresh. In 1880 the lake averaged 
about 10 feet in dei)th, but in 1889, on account of prevailing droughts, the bed was dry. (a) The streams entering 
this valley are diverted as they leave the canyons by ea<»h land owner, and are held by dams, ditches, and levees 
on as great an area of land as (mssible. The natural mesidows have thus been extended and some sagebrush land 
brought under irrigation, the natural swamps being partially dried. Several ditches have already been constructed 



a ItM area in 1891 was from 12,000 to 15,000 acreH and depth about 5 feet. 
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to convey water upon tbe fertile sagebrush plains, where there are perhaps 10,000 acres susceptible of irrigation^ 
but as a whole there is a general lack of system, and much of the best land is injured by excess of water. By 
properly conserving the water in reservoirs and carefully utilizing it large areas could be brought under irrigation, 
and possibly a portion of the bed of the lake kept dry, affording excellent farming lands. 

Malheur county is in the southeastern comer of Oregon, extending in a north and south direction along 
the eastern boundary for a little over half the width of the state. The Snake river Hows along the northeastern 
side of the county and receives the waters of the streams of this part of the state not lost by evaporation. The 
Owyhee river, rising in Nevada and southwestern Idaho, flows northerly through the county into Snake river, and 
the Malheur river crosses the county from west to east, emptying a short distance north of the Owyhee. The 
tilled lands are mainly in the northern end of the county, along the Malheur and its north fork, and on Bully and 
Willow creeks. There are also some farms near the mouth of the Owyhee, and settlements of considerable size in 
Jordan valley, which lies farther toward the southern end of the county, the upper part of this area being in Owyhee 
county, Idaho, and known as Pleasant valley. There are other ranches scattered among the mountains throughout 
the county wherever there is a sufficient water supply for cattle and for irrigating crops of hay and grain. 

The water supply of the county, taking it as a whole, is below the needs of the present population, for, 
according to the statements of the farmers, there has not been during the past few years an amount of water 
sufficient to irrigate the areas usually tilled or from which hay crops have been cut. This was notably the case in 
the summers of 1888 and 1889, when unusual drought prevailed throughout this portion of the rountry. In these 
years there was great suft'ering among the irrigators living along the lower part of the streams, where, owing to 
the diversion made above, there was little or no water. The Malheur receives a large portion of its water from the 
low mountain ranges on the north and northwest sides of the county. These mountains are so low, rarely reaching 
heights of over 6,000 feet, that the snows of winter melt rapidly in the spring, causing the floods from the rivers to 
occur very early in the season, so that the greater i)art of the water has passed down the stream before the farmer 
begins irrigation. The channels of the streams are generally broad aiid sandy, and after the flood season the 
greater portion of the water is gradually lost by seepage and evaporation as it passes over the pervious beds. 
The irrigators near the head waters are usually able to secure water throughout the season, while those situated 
near the mouth of the Malheur can not obtain an amount sufficient for their needs. 

On the Malheur river settlements now extend from the mouth for 100 miles, and in this distance there are at 
least 2i) ditches of considerable size. Those highest on the stream do not have a suii)lus of water after the end of 
June, and those lower are nearly, if not quiti», dry. There is less water during the latter part of the crop season at 
Vale, ab(mt 15 miles above the mouth of the stream, than at Juntura, about GO miles above. The valley of the 
lower Malheur is broad, and is bounded by low foothills having a rich and fertile soil, capable of producing large 
crops if water ('ould be brought upon it. The bottom lands are wide, extending along each side of the river and 
ui> Willow creek and other tributaries. With the present water supply only about (me-half of the low land can 
be cultivated. During high water the bottoms are wet by seepage from the river, so that hay can be raised with 
little or no artificial irrigation. In the Malheur valley, as well as throughout the (rounty, the ditches in general 
are poorly constructed, having been hastily built to supply the immediate needs of the farmers. There is need of 
a better system of ditches or canals by which hirger areas of land can be covered with greater economy. The 
majority of the irrigators are principally interested in stock raising, the largest crop being hay for winter feed, 
general agriculture not being as yet highly developed. 

In the lower Malheur valley and also along Willow creek are a large number of wells furnishing an unfailing 
supply of water at a depth of 20 to 3p feet below the surface. Many windmills have been erected for the puri)ose 
of raising this water for cattle, the excess being allowed to flow upon the ground, irrigating small areas of land. 
It is probable that in the aggregate several hundred ai*res are cultivated in this manner. The sui)ply of water 
appears to be so great that it is probable that larger pumps can be used U) advantage in bringing it to the surface. 
The cost of fuel is so great that it has not become profitable to employ steam power. Along Willow creek are 
several ditches, each supplying water for one or two ranches. Several of the irrigators report that in 1880 on 
account of the drought there was little or no water to be had. Away from the immediate vicinity of the stream, 
near the little settlement of Dell, there is no farming, and the entire country on every hand is a bleak, barren 
desert, with no vegetation save an occasional tuft of bunch grass or clump of sagebrush. The soil is rich, however, 
and thousands of acres of excellent farming land can be brought under cultivation if an abundant water supply 
can be had. Higher, near the mountains, are many springs whose waters seldom flow to any great distance, beings 
soon lost in the pervious basaltic rocks. All this land is now valueless, except a« a range for cattle. 

The ice on the rivers generally breaks in February or early in March, and the floods soon follow. Water is. 
usually turned into the ditches about the 20th of March or the early part of April and used until October or 
November, or until the streams become dry. Malheur river has been gauged at Vale. The maximum discharge 
was in March, 1890, when the river carried 4,445 second-feet. It has been estimated that the maximum flood of the 
past 7 years has amounted to from 7,000 to 8,000 second-feet. During the summer months the river is practically 
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dry below Yale, tbe water being taken oat by a large nnmber of irrigation ditches higher up stream, (a) The 
quantity of water in Owyhee river haa beea ascertained by gaugiugs made below the canyon and about 4 miles 
above the mouth of the river, this poiut being about 20 miles south from Ont-ario. The results of the meaauremeuts 
show that theaveragedischargefornearly three years is over 2,100 second feet, the amount varying from 200 second - 
feet in times of drought to 18,000 second-feet in tiood. The daily ductuatious are best shown by the accompanying 
diagram, oue of the most noticeable leatures of which is the early occurrence of the spring floods and the rapklity 
of their rise and fall. 

MoBBOW coiiNTY IS iu northern Oregon, between the western spur of Blue mountains and Columbia river. 
Tbe surface in general is hilly or rolling, but for the most part is covered with rich sandy loam. Crops of all kinds 
are raised without irrigation, although in some year^, owing to dmught, the yield is small. The county is drained 
by a number of creeks which flow northerly into the Columbia river. These carry but little water during the 
snmmer, and will not yield a supply sufficient for irrigatingcauals without the use of storage reservoirs. Wherever 
possible, however, ditches are now taken out fi-om these streams ujkiq the narrow strip of farming land along the 
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bottoms. The supply, however, often becomes scanty by the middle of June; the channels sometimes becoming 
dry after that time. The farmers are compelled to trust to the rainfall, as from unfavorable tojiography and lack of 
abundant water supply they can not irrigate. They recognize the benefits of irrigation, for it is carried on in a 
sufficient number of places to show that the soil is wonderfully productive. The summits of the Blue mountains 
at this point are too low to yield an abundant perennial supply of water, and if artificial watering is to be done 
recourse must be had to storage of the spring fioods. Attempts have been made to secure artesian water, and 
at Heppner a well was sunk to the depth of 650 feet. Water can be pumped from this well at the rat« of from 40 
to 60 gallons per minute, but it does not flow. The success of the farmers depends to a large extent upon thecondition 
of the ground at the time of the snow storms of winter. For example, in the winter of 1884-1885 the soil was not 
frozen when the snow fell. As a consequence, the ground received a thorough saturation, contributing to the 
success of the crops of the succeeding year. In the winter of 1887-1888, on the contrary, the surface of the ground 
was frozen at the time the snow fell, and in early spring the water flowed away rapidly, leaving the soil underneath 
dry. The evil eflfects of the succeeding drought were thus intensified, and as a result the crops were almost a 
failure. 

Sherman county includes the comparatively small area south of the Columbia river, between Johnday and 
Deschutes rivers. The surface in general is level, although deeply cut in places by the streams, which flow in 
canyons at a depth of from 100 to several hundred feet. The soil is a rich, sandy loam, ranging in depth from 3 to 
60 feet, in most places completely concealing the underlying lava. It apparently has the i^roperty of retaining 
moisture well, and thus, although the rainfall is very small during the summer, nearly all kinds of crops are 
successfully raised without irrigation. It would be almost, if not quite, impossible to bring water upon most of this 
rich land on account of its relatively high elevation. About the only irrigation carried on at present in the county 
is on low lands near the Columbia, where gardens and fruit trees are wet by means of the waters from springs which 
issue from the cliflfs, or from the waters of some small stream. The results obtained at these places demonstrate 
the great benefits to be derived from thorough systems of irrigation, and lead many of the farmers farther inland 
to discuss the advisability of attempting to introduce irrigation in their own localities. During the drought of 
1888 many of the crops were a complete failure, and the matter was thus more strongly forced upon their attention. 
The water supply for domestic purposes is often poor, and many of the farmers are ex)mpelled to haul water for 
long distances during certain months of the year. In some pla<5es wells reach water at a moderate depth, as, for 
example, at Wasco, where it is reported that an ample supply is found at a depth of from 20 to 40 feet beneath 
the surface. 

Umatilla county is in northeastern Oregon, west of Blue mountains, extending from the summits of this 
range westward to the Columbia river. The eastern part of the county adjoining the mountains is rough and 
broken, but the surface becomes more level on approaching the river. The average rainfall is sufficient to produce 
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large crops of the cereals, but an occasional drought, as in 1888, has prove<l destructive. The i)recii>itation during 
the summer is so small that fruit trees do not always flourish, and irrigation has been used for fruit trees as well 
as for gardens and meadows. The water supply of the ccmnty is comparatively large. The waters flowing from 
Blue mountains form two rivers, the Wallawalla on the north and the Umatilla in the center of the county. The 
banks of the first named river are in general low, and water has been diverted by many small ditc^hes leading from the 
main river and its tributaries and irrigating the bottom lands in the vicinity of Milton. There have been no large 
systems constructetl, but each irrigator has dug his own ditch or joined with one or two neighbors in so doing. 
The Umatilla river otters many advantages for the construction of irrigating canals, and a number of projects are 
on foot, some of them involving the expenditure of hirge capital, in order to irrigate land in the vicinity of 
Pendleton and at i)oints along McKaye creek and the lower course of Umatilla river. 

Along the foothills there is a belt of land relatively humid where crops of nearly all kinds are raised without 
irrigation. Beyond this is the subhumid area, where occasionally good crops of wheat and oats are obtained, and 
at still lower altitudes adjacent to the Columbia river are the hinds which may be designated as arid. It is in 
these latter localities that irrigation will be especially valuable. Plans have been made for diverting the water of 
Umatilla river by a canal heading at a iM)int about IS miles above Pendleton. The water will first be conducted 
through a flume for about 4 miles and then by a side hill canal, the line following up Wild Horse creek, then 
crossing and ending at a point about 2 miles north of I^endleton. Another project, that of the Columbia Valley 
Land and Irrigation Company, involves the diversion of water from the lower part of Umatilla river at a point 
near Echo, the canal line, covering lands to the west, crossing Butter cr(*ek at about the sixth mile. Beyond this 
creek is a phiee where water can be held in a large depression, thus furnishing a supply tor lands further to the 
north. On the upper waters of McKaye creek are localities reporte<l to be favorable for the storage of flood waters, 
and the Blue Mountain Irrigation and Improvement Company proposes to utilize one or more of these, taking the 
water thus obtained out upon the bench land between McKaye and Birch creeks, and also upon lands to the east, (a) 

Union county includes an irregularly shaped tract of land in northeastern Oregon, east of Blue mountains. 
The county comprises the head waters of Grande Ronde river and the western portion of its drainage basin. Its 
tributary, the Minam, and the lower course of the (hande Eonde form the eastern boundary of the county. On 
the south it extends over into the drainage basin of Powder river, and easterly along the south side of Powder 
Eiver mountains to Snake river. It thus includes portions of two drainage systems, namely, the Grande Ronde, 
flowing toward the north into the state of Washington, and Powder river, flowing to the southeast into the 
Snake. Irrigation is not absolutely necessary, and the greater part of the crops is raised by dependence upon 
the rainfall. The bottom lands along the creeks are usually sufficiently moist, and are now cultivated, but on the 
higher lands bordering the valleys the soil is dry, and, although it is often of superior quality, is at present useless. 

In the valley of Powder river, along the southern boundary of the county, and also along the tributaries 
which flow into this stream and into Snake river, the settlers have taken out small ditches to irrigate meadows, 
gardens, and fruit trees. The developments in some of the smaller valleys have already proceeded so far that all 
the available water supply \s now utilized, and there are (romplaint^ from the older settlers that their prior rights 
are not respected and that other persons are depriving them of their share of water. In these smaller streams 
the amount of water diminishes rapidly after the early spring flood, and by July 1 there is barely enough for the 
needs of the land now under cultivation. In many cases water storage is already a necessity. 

In Grande Ronde valley there is an ample wat**r supply, and irrigation has been begun by using the waters of 
the smaller tributaries. The main river, especially in the northern part of its course, has cut itself a channel too 
deep to admit of water being taken out upon the valley lands. Among the hills are small pat<'hes irrigated from 



aThe ainoiiut of water in Umatilla river at PendlotMii huii beni eHtimattMl by Mr. A. L. AdamA, chief eii^incor uf the Umatilla Irrigatiun Compaiiy. The 
followiug table giveM by months or half months the muximiim. niinimuin, and mean tliitcharge as obtained by him. 
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springs or from small streams, bat as a general rule irrigation is not considered essential for anything except fruit 
trees. The Emele ditch takes water ft'ora Powder river, carrying it out upon the north side of the stream near the 
mouth of Big creek. It is 7 miles l9J[ig,.4 feet wide, and cost $0,000. The water is diverted by means of a wooden 
dam placed permanently in the stream. There are 8 flumes, with an average length of 100 feet, along the ditch. 
The Farmer ditch takes water from Eagle creek, one of the tributaries of Powder river, carrying it out on the west 
side above the town of Newbridge. It is 4 miles long, about 4 feet wide, and has cost about $1,000. About 000 acres 
are irrigated, of which the principal part is in alfalfa. Fish Lake ditch heads in a small lake, the outlet of which 
has been partially closed in order to increase the storage capacity. From the lake the water flows in the ditch for 
about 2 miles aiTOss a divide, then follows for 4 miles down Fish creek, from which it is taken around another 
divide to Dry creek, down which it continues for 5 miles, and is recovered for a third time and brought around to 
Warm Spring valley. This was built by three men, and cost them about $1,LW. Wheat, oats, alfalfa, clover, and 
potatoes are irrigated, about 200 acres of crops being raised in 1889. 

Wallowa county is in the northeastern corner of Oregon, being partially inclosed by Union county. It is 
bounded on the east by the Snake river and on the south by Powder Iliver mountains, from which the streams flow 
in a general northerly course into the Snake or Grande lionde river. The county as a whole is sparsely settled, and 
the surface is mountaincms, or rough and broken. The principal industry is stock raising, large herds of cattle 
and sheep finding pasturage on the hill slopes and small plateaus. Tilling the soil is carried on in a small way 
near the towns and on the principal ranches, the main crop being for forage. In the valley bottoms irrigation is 
not always necessary, but upon the higher lands few crops can be raised without water. Rye, when sown in the 
fall or early spring, will grow and make a fair crop without irrigation, being ready to be cut for hay by the last of 
June, or completely matured <luring July. In 1888 and 1889 the crops were so nearly a failure that unusual 
attention was given to the consideration of better systems of irrigation, and in 1890 active work was begun on 
ditches taking water from the Wallowa river and from Sheep creek and other streams. 

On the eastern side of the county is the Imnaha river, which flows northerly trom the Powder River 
mountains for the greater part of its course parallel with the Snake, into which it finally empties. In the valleys 
along its tributaries, as, for example, on the Big, Little, and Middle Sheep creeks, are many places at which water 
can be diverted to advantage and a large amiount of land brought under cultivation. Most of the ditches now in 
use are very short and cover a small acreage on each farm. There is an ample supply for all the land that can be 
irrigated from the main stream, but the greater portion of the arable land is at an elevation so great that only the 
smaller streams can be brought to it, and in these the volume decreases to an almost insignificant amount during 
the summer. The western side of the county is drained by Wallowa river, which flows into the (irande Roiide. 
At the head of this river is a large lake, which is apparently well adapted for water storage. By holding the 
spring floods in this lake a large area of land in the vicinity of Joseph and north of that point can be irrigated. 

Wasco county is in northern Oregon, east of the Cascade range. On the north is the Columbia river, and on 
the west rises the great volcanic cone known as Mount Hood. The Deschutes river flows north through the 
county, in the lower portion of its course forming the boundary of Sherman county. The river receives the drainage 
from the eastern side of Mount Hood and the high mountain range stretching oft* toward the south. The water 
. supply is large and well distributed over the western part of the county. There are valleys in this county possessing 
a rich alluvial soil. In summer the rainfall is often so small as to jeopardize the growth of fruit trees and of many 
of the crops. Oenerally, however, most of the cereals can be grown without irrigation, although with it the yield 
is from two to three times as great as it is without it. Corn is usually planted after summer fallowing, grows 
without iiTigation, and is cut for fodder before it matures, the ground being sown to fall wheat without replowing. 
Potatoes on good ground and when well cultivated yield heavily without watering. 

Irrigation has been practiced in a small way since the settlement of the county, but as it is not absolutely 
necessary developments have been slow, and there are no larger systems in operation. The jnincipal irrigated 
areas are along Hood river and near Dalles. Besides these localities there are places scattered throughout the 
county at which small areas are irrigated by the waters of tributaries of Deschutes river or from springs. In the 
Hood River valley are a number of small ditches owned by individuals or associations of farmers, but their total 
capacity is far below the ne^ds of the arable land. There is a demand for large canals to take water out 
upon both sides of the valley and cover large areas of land now unproductive. The farmers state that they are 
not able to build a comprehensive system without the aid of outside capital. The expense of clearing the land and 
bringing it under cultivation is very large, so that when the cost of irrigation is added to this the amount becomes 
too great for the means of the average settler. 

The ditches in Hood River valley take water from the small tributaries, few, if any, making use of the abundant 
supply in the principal stream. As an example of these, may be cited one ditch 4 miles long, 2.5 feet wide, and 
which cost nearly $2,(MK). It receives water from springs on Mount Defiance and carries this out upon the west 
side of Hood River valley. The water supply is small, and only fruits and, vegetables are irrigated. In the vicinity 
of Dalles are a number of small ditches, few of which are over a mile in length, and which, like the one above 
mentioned, are used almost entirely for gardens and other small areas of crops. 
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Total population (average p«r square mile, 2.53) 207,905 

dumber of owners of farms (5.06 per cent of population) 10, 517 

dumber of irrigators (92.46 per cent of farm owners, 4.68 per cent of population) 9, 724 

Area of territory, land surface (82,190 square niileH) acres. . 52,, 601, 600 

Area irrigated in census year do. . . 263, 473 

Area of all farms, 41.42 per cent improved do.. _ 1, 323, 705 

Oereals raised in census year, including 15 acres in buckwheat and 3,389 acres in rye do . . . 122, 878 

Barley, average production, 25.38 bushels per acre do. . . 6, 440 

Corn, average production, 14.66 bushels per acre , do... 5,782 

Oats, average production, 26.29 bushels per acre do. . . 22, 747 

• Wheat, average production, 17.93 bushels per acre do. . . 84, 505 

Alfalfa do... 88,152 

Total value of all farms, including land, fences, and buildings $28^ 402, 780 

Estimated total value of the farms irrigated in whole or iti part $22, 198, 000 

Estimated value of all farm productions (sold, consumed, or on hanVl) for 1889 $4, 89^1, 460 

Estimated value of productions, as above, from farms irrigated in whole or in part $4^ 750,. OCX) 

Average size of irrigated farms acres. . 27 

Average size of irrigated farms of 160 acres and upward do . . . 312 

Per cent of acreage of irrigated farms of 160 acres and upward to total acreage irrigated 9. 81 

Average size of irrigated farms under 160 acres acres. . 26 

Average first cost of water right per acre $10. 5& 

Average annual cost of water per acre $0. 91 

Average first cost per acre of preparation for cultivation $14.86' 

Average value of irrigated land, including buildings, etc., in June, 1890, per acre $84. 2& 

Average annual value of products per acre in 1889 $18*03' 

GENERAL DESCRIPTION. 

Utah stood next to California in the number of irrigators in the census year and was exceeded only by three 
states in the area of land irrigated. In size pf farms, 27 acres, it. stood at one extreme, while Nevada, with 
192 acres, was at the other. This minute subdivision of tli« irrigated lands in itself t/cstifies to a relatively large 
amount of care bestowed upon ea<th area and implies that there should be a corresjwndingly large average value 
of products, as was the case, the average value, $18.03 per acre, being second only to that of California. It would 
have been first were it not that in California the average value of products was increased by the profits from the 
cultivation on a large scale of the highest class of fruit. In percentage of entire land surface irrigated Utah stood 
next to Colorado and California, and in percentage of total iium]>er of farms irrigated it was first, since a trifle 
over JK) per cent of all the farms of the territory were und(»r irrigation to a greater or less extent. The relative 
proportion of the farm area irrigated, however, was somewhat small, coming below Arizona, Colorado, Idaho, and 
Montana, since only 22.03 lyev cent of the area of the farms was actually irrigated in the census year. The large 
irrigated farms, that is, those of IGO acres and over in size, formed less than 10 per cent of the total area irrigated, 
testifying again to the minute subdivision of agricultural lands. Deducting these, the average size of the small 
irrigated farms wa« only 25 acres. In first cost of water right Utah came next to California, while in average annual 
cost it stood sixth in the list. 

Utah may be divided into two great divisions, distinct in topography and climate. The northern and western 
parts of the territory lie within the great interior basin of the continent, from which no water escapes except by 
evaiKjration, and the western and southern parts of the territory are in the drainage basin of the Colorado river, 
eveiywhere distinguished by lofty plateaus and deep canyons. The Wasat<jh range runs in a general north and 
south direction through the center of the northern half of the territory, wringing from the clouds the moisture 
which renders the counties along its western base so prosperous. The streams issuing from this great range, as a 
general rule, have cut thnmgh the mountains, and i)our their waters toward the west, ultimately flowing into the 
Great Salt lake. This lake is but the remnant of a great body of fresh water whicli occupied all the principal 
valleys of western Utah, and from which came the rich sediments which render the broad bottom lands so fertile. 
Those valleys Which are situated at the base of the mountains, although arid in climate, receive many streams, 
•carrying a large part of the precipitation which has fallen upon the higher summits, and thus are most favorably 
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situated for cbeap and effective irrigation. The valleys farther to Uie ireBt,aith4>i2|^h equally fertile, do not receive 
streams as large or permanent, as the mountains bounding them are of less altitude, «id tiierafore these enormous 
stretches of rich land, for the most part, must remain unproductive desert wastes, with only oceasioiial poU^es or 
oases, where some small stream or spring, natural or artificial, is discovered. 

The Colorado basin presents a great contrast to these conditions. Lofty, plateaus, uplifted in great masses, 
have been deeply carved into canyons, the most stupendous in the w^orld. On top of the plateaus the rainfall is 
light and irregular; the water quickly collects into rills, which soon seek a narrow gully, and then find their way 
into a canyon. In many localities, especially at rainy seasons of the year, grazing is good, and stock raisers 
have penetrated and taken possession of much of the country. Small towns have grown up in places where the 
canyons open out into valleys sufficiently wide to aft'ord room for agriculture, and there the streams have been 
diverted ui)on the strips of fertile alluvial soil. These streams, however, flowing ftx)m a country of cliffs and naked 
rocks, are subject to sudden floods of great violence, since the rain of local storms does not soak into the ground, 
but rushes off at once, collects in the stream, and sweeps down with violence, carrying away dams, headworks, 
and even parts of canals. 

Utah occupies the central position in the arid region, and therefore the details of irrigation in this territory 
possess more than ordinary interest, as they represent conditions intermediate between those of the north and 
south, the east and west. Besides, the irrigation methods and systems have been developed by men of English 
speaking origin, who, unaided by previous experience, have introduced methods of their own, and, taught by 
repeated failures, finally achieved success. Throughout the territory, excepting i)erhaps in the Colorado River 
drainage, there is more arable land than available water, and consequently the value of the land is dependent 
wholly upon the amount of water to which it is entitled, the most fertile areas without water being almost valueless. 
The point was long since reached when all the easily available water was appropriated, and the increase of cultivated 
area has been due to a more careful utilization of that supply. 

PRIORITY OF RIGHTS AND DIVISION OF WATER. 

Utah offers a striking contrast to the rest of the arid regions in the details of the customs of distribution of 
water according to priority of right, and also in the control of the water by the irrigators. Almost without 
exception the canals and systems of ditches have been built by farmers and are controlled by them in every minute 
detail. An apparent exception is in the case of the municipalities or chartered cities which have built and now 
own systems of irrigation, but this exception is only apparent as these cities, so called, are controlled by the 
farmers, so that the water is administered by officers representative of the irrigators as a class. The municipalities, 
however, have a certain advantiige over farmers' associations, in that they can levy taxes for the use of water 
and collect them through the ordinary machinery of such organizations. 

In nearly every valley of Utah there is now more land under cultivation than is supplied with water to mature 
the crops in all years. The first settlers in these valleys, finding that there was more land than could be 
cultivated by themselves, encouraged other farmers to come in, and gradually cultivation extended, until at last 
a time came when thewatt^r would not serve all the land under cultivation. The principle was early established 
that those farmers who first made use of the water should ever afterward be entitled to sufficient water to irrigate 
the amount of land originally cultivated by them, and that the later comers, whenever scarcity occurred, should 
not take the water until those enjoying prior rights had satisfied their needs, the latest comer being the first to 
be deprived, and those settling before him losing their water supply in succession as it became less and less. 

For convenience, however, the rights are not held in the exact order of settlement, but are divided int^ classes, 
all the individuals of one (ilass or group sharing the water according to their respective claims. For example, all 
older settlers who used water for a certain aiTeage before some arbitrarily fixed date are considered as having prior 
rights; those who cultivated o^her lands at a later time are considered as having rights secondary to these, and 
those who cultivated lands during a still later period have third rights, and so on. The farmers owning first rights 
are entitled to the use of the water to the amount originally appropriated until their needs are satisfied ; those owning 
the second rights can enjoy the use of the surplus water after the prior rights have been supplied, while those 
owning third rights are by law only allowed to use such water as the farmers having first and secondary rights 
can not use or claim. A farmer having prior rights may also have secondary rights, and even third rights, to the 
water for lands not covered by his first rights, and thus in times of scarcity he does not lose all his water, but is 
able to mature a small portion of his crop. The man, however, who has last rights only can not be sure of success, 
and unless the snowfall in the mountains is heavy during the winter he may not dare to plant in the spring, 
knowing that he can not secure water later in the season. . • 

Those irrigators who own prior rights to the water practically enjoy a monopoly of it, for with the advance of 
settlement everywhere in the territory and the bringing under cultivation of more land than can be readily watered 
lack of supply becomes chronic among later irrigators. This monoply, although often regarded as a great injustice 
by these later comers, is unquestionably essential to the success of irrigation, for were all irrigators required each 
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year to divide the water among all who might demand it, in a short time there would not be enough distributed to 
any one man, and suffering would ensue among all, instead of among those who may be considered the excess of 
population. This principle of monopoly of water by a certain few of the farmers is recognized not only by custom 
but even by law throughout the arid lands, and the claimants possessing this monopoly can alone be sure of 
maturing their crops. These primary rights, however, are not always clearly defined or carefully guarded. There 
is a tendency among the owners of first rights to claim more watiu* than was originally api)ropriated by them, and 
on the other hand, the irrigators having second and third rights encroach upon the supply claimed by the owners 
of prior rights. Those having the second or last rights do not always tamely submit on seeing their crops parch 
and wither and their trees die for lack of water while their neighbors are enjoying an ample supply, and quan*els 
are constantly arising. The attempt to farm without a prior right to water is by some declared to be a curse, and 
demands are made for a more just and equitable division. 

With the present unregulated water supply the success of farming depends largely upon the amount of 
snowfall in the mountains and the time of year in which this occurs. If the snow falls early in the winter it 
usually becomes hard, and does not melt until the heat of summer has become intcmse and the needs of the crops 
are greatest. On the other hand, if the suow^ falls late in the winter, it does not have time to become compact, but 
melts m the early spring, and runs to waste long before the farmers have the greatest necessity for it. A number of 
attempts have been made in various parts of the territory to regulate the supply, and storage works have been 
built on a small scale, some of which are successful. These, when placed in suitable localities out of the reach of 
floods, not in the course of a river or the drainage fnmi a large area of barren rocks, have justified the plans of 
their builders, and have rendered possible the cultivation of numerous tracts of valuable lands. 

The person at the lower end of a long ditch, or taking water fi-om a ditch far down the course of a stream after 
it leaves the canyon, is always at a disadvantage in the summer, for if his proportion is allotted at the point where 
others take their wattn-, this amount is usually lost in traversing the distance to his fields. It often happens in 
summer that if water is allowed to flow by the head gates of one canal company for the purpose of supplying a 
ditch below, the whole amount is evaporated or lost in the channel before reaching the lower ditch, and neither 
party is benefited. After the water is taken into the main canal there is often considerable loss in the height of 
the irrigating season, due to the weeds, which grow luxuriantly in the water wherever the current is sluggish, 
and may completely choke the channel if not cleaned out. Sometimes these are pulled up by rakes or mowed 
under water. In a few cases it has been found necessary to turn the water out of the canal entirely, even when 
crops were abuost in danger, in order to allow the aquatic x)lants to <lry and be killed by the sun. Another source 
of annoyance and expense is found in the burrowing habit of gophers or moles. These little creatures dig into the 
banks of ditches or into earth dams and often cause leaks, resulting in the sudden washingawayof portions of these 
structures. 

Owing to the difliculties and uncertainties concerning the supply and distribution of water, many farmers in 
the northern counties have declared that dry farming is preferable wherever it is ^mssible, and that in many 
localities, by carefully preparing the land by summer fallowing and planting at a proper season, cereals can be 
raise<l to greater advantage than by irrigation, although the yield per acre is far less. Alfalfa, or, as it is usually 
termed, lucern, is raised in many counties without water, one cutting of the plant being made, and then, no water 
being applied, a crop of seed is raised. The number of cuttings of alfalfa, the crop which varies most with the 
season, depends directl}'^ upon the water supply. If the supply is ample throughout the season three cuttings 
are obtained, but when water is scarce, it is used upon the grain, veg(»tables, and trees, and the alfalfa is generally 
allowed to run to seed. 

WELLS. 

The flowing wells throughout Utah have great similarity in character, «ince they are found in localities 
whose topography and general surroundings have many points of resemblance. The successful wells are confined 
to the low grounds of valleys composed of unconsolidated lake beds, and are usually below the level of lands 
irrigated for many years. Beginning in the northern part of the territory, small flowing wells are found in the 
lower part of Cache valley, in Cache county, and along the Malade valley, in Boxelder county. From this locality 
southerly large numbers are to be found along the eastern shore of Great Salt lake, especially near Ogden, in the 
western end of Weber county, also in Davis county and on the low grounds of Salt Lake county. The line of wells 
continues, with occasional breaks, along the southeastern shore of Great Salt lake and down into Tooele county, 
in the neighborhood of Grantsville and the town of Tooele. 

Passing southward, into VUih county, similar flowing wells are found in great numbers on the northern, 
eastern, and southern shores of Utah*lake, and still farther south, in Juab county, near Nephi. In the drainage 
basin of the Sevier river, wells almost identical to those of the valleys farther north are in use in the Sanpitch valley, 
in Sanpete county, also on the low grounds of Sevier county and far down the river on the Sevier desert, near the 
towns of Oasis and Deseret, in Millard county. 
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lu all these localities the tubing or casing of the well passes through alternations of clay, sands, and gravel, 
the two last named layers being usually filled with water, which, from the basin like structure of the beds, is under 
pressure sufficient to bring it to or above the surface of the center of the valley. These sands and gravels approach 
or reach the surface near the edge of the valleys, and there receive water either from rainfall or from the streams 
flowing from the mountain slopes. 

Such a well consists of a pipe of from 1.25 to 4 inches in diameter forceddown to or into the water-bearing strata 
to depths usually of from 100 to 150 feet, the lower end of the pipe being perforated or having suitable devices for 
admitting the water. This is usually clear, cool, and palatable, suitable for the ordinary purposes of household 
supply. It, however, often contains a notable amount of mineral matter, and is occasionally even salty. Most of 
the wells have been put down by farmers near their houses or barns, and the excess of water is conducted away to 
the shade trees or to kitchen gardens. Comparatively few of the wells are used for irrigation in the broad sense, 
that is, for field crops, but the great majority of those not near houses are in pastures, or meadows occasionally 
used for pasturage. 

In putting down the wells there have been comparatively few failures to obtain flowing water, for the farmers 
have learned to keep within the bottom lands inside the defined artesian area. The increase in number of wells, 
however, has begun to result injuriously in many cases, and a large number of wells are reported to have decreased 
materially. In the various basins all stages in the history of artesian exploitation can be found. For example, 
in some of the larger basins the wells, comparatively few in number, show no signs of diminution in flow; in others 
the quantity discharged from some of the older wells has decreased by one-half or one-quarter, and again in other 
basins many of the wells barely flow, fluctuating with the changes of the season. Deep drilling, namely, beyond 
400 or 500 feet, so far as has been ascertained, has been unsuccessful in obtaining fresh water. With increased 
depth the water is liable to be brackish or even heavily charged with saline matters. In some of the wells along the 
eastern shore of Salt lake inflammable gas has been found, and a small amount of petroleum has been reported. 

VALUE OF PRODUCTS. 

• 

The variation in the average value of products per acre for each county, as shown in the following table, is due 
somewhat to the character of the crop, but more to the state of cultivation and the water supply, and to some 
extent to the location of the land with regard to markets. In the northern end of the territory, as, for example, 
in Rich county, the average value of products is low, since forage crops are raised principally, and, the altitude 
being great and the water supply somewhat limited, the average yield is small. The average size of the farms also 
is large, showing that cultivatioji is carried on in a broad way, and that the greater part of the irrigation is for 
crops which require but little care. 

In the counties lyingalong thebase of the Wasatch mountains, near the markets of the cities of Salt Lake, Ogden, 
and Prove, and other centers of population, the farms are small and highly cultivated, and, as a consequence, the value 
of products is large, the counties on either side showing as a rule a lower average value. An exception to this is 
found in the case of the counties on the Colorado drainage, where the water supply is scanty and the cost of 
irrigation is at a maximum, for here (as, for instance, in the case of Washington county) the expense of bringing 
water to the land is so great that the farms are very small and the products per acre large. The semitropical 
character of the fruit and other crops in this great drainage basin also tends to give a greater value to these 
averages. 

(CONDITION OF IRRIGATION IN EACJH (BOUNTY. 
NUMBER OF IRRIGATORS, AREA IRRIGATED, FARMS, AND CROPS IN EACH COUNTY IX UTAH IN 1889. 



COVVTIES. 



Num- 
l»er of 
irri- 
gators. 



I 



Area 
irri- 
gated 

in 
acres. 



Total I 9,724 



Beaver . . 
Boxelder 

Cache 

Davis — 
Emery .. 



Garfield 
Grand.. 

Iron 

Juab ... 
Kane 



200 
359 
908 
585 
264 

82 
50 

193 
85 

107 



263, 473 



7,682 
10,472 
30, 923 
12.866 

7,344 

2,234 
1, 139 
3,539 
1,946 
1,798 



Aver- 
age sixe 
of irri- I 

gated I 

rarms i 
in > 

acres. ; 



OWNERS ov 
FARMS, (a) 



38 
20 
34 
22 

28 

27 
20 
18 
23 
17 



Total 
num- 
ber. 



Per 
cent of 
popu- ' 
lation. 



27 10,517' j 5.06 



210 
478 
1,065 
682 
266 

93 
50 

198 
97 

120 



6.20 
6.25 
6.87 
10.10 
5.24 

3.79 
10.35 
7.38 
1.74 
7.12 



IKKI(}ATOK.S. 



Per I 
cent of I 

farm 
owners. 



92.46 



Per 

cent of 

poim- 

lation. 



4.68 



95.24 
75.10 
85.26 
«i.78 
99.25 

88.17 
100.00 
97.47 
87.63 
89.17 



5.99 
4.70 
5.85 
&67 
5.20 

3.34 
10.35 
7.19 
1.52 
6.35 



Area of 
counties 
in acres. 



52,601,600 



1,730,560 

4, 490. 240 

607.600 

185,600 

3. 662, 720 

872.960 
2, 032, 000 
2, 199, 040 
2, 449, 920 
2. 670. 080 



FARM AREA. 



Acres. 



Per 
cent im- 
proved. 



Cereals. AlfalfaJ 
(Acres.) I( Acres.) 



1, 323, 705 



16,165 

430,383 

100. 106 

81,968 

29,611 

7,161 
6,a55 
5,689 
15,206 
7,861 



41.42 1122,878 ; 88,153 



57.28 
13.68 
55.28 
50.55 
46.07 

62.23 
32.54 
88.22 
45.46 
45.97 



2,224 
10,932 
24,549 
13,363 

3,875 

1.172 
411 

2,394 
241 

848 



1,106 
3,784 
4,077 
9,664 
3,110 

485 
381 
1,218 
597 
528 



AREA IRRIOATED. 



Per 
cent of 
area of 
county. 



0.50 



0.44 
0.23 
4.43 
0.93 
0.20 

0.26 
0.06 
0.16 
0.08 
0.07 



Per 
cent of 
total 
farm 
area. 




47.52 
2.43 
30.89 
15.70 
24.80 

31.20 
18.81 
02.21 
12.80 
22.87 



Per 
cent of 

land 
owned 
by irri- 
gators. 



22.03 



58.40 
2.57 
34. 13 
25.22 
25.47 

38.99 
18.81 
62.97 
14.30 
27.84 



Aver- 
age 
value 

of 
prod- 
ucts per 
acre. 



$18.03 



9.92 
15.25 
14.30 
32.93 
17.01 

11.64 
19.05 
14.94 
11.05 
2L81 



a Includes owned and hired farms, assuming one farmer to each. 
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NUMBER OF IRRIGATORS, AREA IRRIGATED, ETC., IN EACH COUNTY IN UTAH IN 1889— Continuwl. 



<X)USTIKa. 



Nuin- , 
ber of 
irri- 
^tors. ; 



Area 

irri- 

gikted 

in 
acrea. 



Millard .. 
Morgan .. 

Piute 

Rich 

Salt Lake 



San Jiian . 
SaniMjtc .. 

Sevier 

Siimuiit . . 
Tooele ... 



Uinia 

Uuh 

WaMHtch ... 
WartbingtoD. 
Weber...... 



304 


8,iue 


233 


5,208 


143 


5.289 


184 


17,266 


1,264 


25,392 


38 


777 


1, 155 


30,938 


311 


11.547 


276 


10, 140 


267 


5,766 


186 


7,611 



1,161 
259 
176 
928 



25,236 
6.475 
2, 251 

21.335 



Aver- 
age Hize 
of irri- 

irated 

farms 
in 

acrea. 



27 
23 
37 
94 
20 

20 
27 
37 
37 
22 

41 
22 
25 
13 
23 



OWNER8 OP 
FARMS. 



IRRIQATOKS. 



FARM AREA. 



Total 
num- 
ber. 



Per 
cent of 
popu- 
lation. 



I Per 

j cent of 
I farm 
.owners. 



Per 
cent of 

lation. 



Area of 
C'OuutdeM 
in arrea. 



Acrca. 





1 
i 

7.59 


1 

99.35 






306 


7.54 


4, 295, 680 


238 


13.37 


97.90 


13.09 


464,000 


143 


5.03 


100.00 


5.03 i 


2,364,800 


193 


12.64 


95.34 


12.05 


627. 200 


1,366 


2.34 


92.53 


2.16 


501,760 


38 


10.41 


100.00 


10.41 


5, 873. 920 


1,191 


9.06 


96.98 


8.79 


1,141,760 i 


312 


5.03 


99.68 


.').02 


1, 19H. 080 ' 


362 


4.68 


76.24 


3.57 


1,959,680 


301 


8.14 


88.70 


7.22 


3.993.600 


186 


0.73 


100.00 


6.73 


3, 733. 760 


1,198 


5,04 


96.91 


4.88 


1,271.040 


289 


8.04 


89.62 


7.20 


i 2,2«»4.100 


187 


4.66 


94.12 


4.39 


1.565,440 . 


942 


4.15 


98.51 


4.08 


41(i,000 i 

ti 



41,438 
20, 324 
18, 081 
94,672 
73,271 

4,097 
95,364 
27,579 
34,086 
41,236 

19, 789 
08, 0.'J7 
19,796 
4,872 
59,358 



Per 
I cent im- 
proved. 



35.49 
41.43 
57.46 
30.76 
65.44 

38.71 
63.86 
66.61 
52.21 
43.61 

67. aT 
74.05 
68.85 
74.59 
65.45 



Cerealrt. Alfalfa. 
(Acre8.» (Acres.), 



2.326 
2,616 
2, 261 
1,532 
6.962 

386 

12. 913 

6,075 

1,551 

1,769 

3,579 
8.500 
2,718 
1.235 
8.946 



3,452 

2,491 

628 

1,783 

12,928 

149 
5,939 
2,423 
2,109 . 
2,066 

2.688 

13,583 

1,723 

1,196 

10,044 



AREA IRRIGATED. 



Per : 
cent of i 
area of. 
county. 



Per 

cent of 

total 

farm 

area. 



. _ I 



0.19 
1.14 
0.22 
2.75 
5.06 

0.01 
2.71 
a96 
0.52 
0.14 

0.20 
1.99 
0.29 
0.14 
5.13 



19.79 
26.07 
29.31 
18.24 
34.65 

18.97 
32. 44 

41.87 
28.98 
13.98 

38.46 
36.77 
32.71 
46.20 
35.94 



Per 
cent of 

land 
owned 
by irri- 
gators. 



21.89 
26.68 
29.31 
18.57 
40.96 

18.97 
32.93 
41.87 
37.85 
16.38 

88.46 
38.58 
38,67 
48.84 
36.07 



Aver- 

Afre 

value 

of 

prod- 

acta per 

acre. 



$14.58 

18.16 

11.03 

9.00 

26.73 

27.95 
15.18 
11.53 
15.03 
14.46 

10.61 
22.50 
10.22 
32. 19 
22.72 



Beavee COUNTY is Oil the western side of Utah, adjoining Nevada, and a little south of the center of the 
territory. It extends from the summits of the.Tushar mountains westward into the desert region south and west 
of Sevier lake, or sink. The agricultural land is at the eastern end of the county, principally in the valley between 
the Tushar and the Mineral mountains, along Beaver creek and its tributaries, the principal towns being Beaver, 
Greenville, and Adamsville. A fourth town, Minersville, is situated lower on the creek, at the foot of the 
Mineral mountains, where Beaver creek leaves the foothills and jenters upon the desert region. The average 
altitude of the agricultural land is about 6,000 feet. Alfalfa and the small grains are the principal crops, and in 
some localities there are a few orchards. The water supply of the early spring is ample for all the crops now under 
cultivation, buc it becomes scanty during the latter part of May, and in July many of the crops which have not 
matured are lost. 

Water storage has been attempted in a number of cases, but with little success, owing to lack of skill and 
care in constructing reservoir embankments. Many of the dams have be^n swept jiway during times of high water, 
resulting in great loss and discouragement. The experiments which have been made, however, lead the farmers 
to believe that with proper engineering supervision reservoirs can be made to hold ample water, npt (mly for their 
present needs, but also to bring under cultivation a large amount of now useless lands. The only streams of 
imx)ortance in the county are Beaver creek and its tributaries, Indian, and North creeks. Various small canals 
lead from these creeks, and the waters are entirely appropriated in times of scarcity, only the irrigators near the 
head waters being able to obtain sufficient water for their needs. 

BoxELDER COUNTY is in the northwestern corner of Utah, and includes the greater j)ortion of Grejit Salt 
lake. The land north and west of the lake is for the most part level, much of it being a sandy desert, but the 
eastern border of the county extends to the summit of the Wasatch range, and is thus comparatively well watered. 
The principal body of cultivated land is along the foot of the Wasatch mountains and in the Malade valley. 
There is also some tilled land on the extreme western edge of the 'jonnty along Grouse creek. Not all of the land 
under cultivation is irrigated, but there is a considerable acreage of dry farming in the long strip of land at the 
foot of Wasatch mountains, extending northward into the Malade valley. In t\w vicinity of Mantua, Honeyville, 
Deweyville, and Portage crops of wheat, oatii, corn, rye, potatoes, and alfalfa, as well as fruit trees, are 
successfully raised. The yield is not as great as on the irrigated land, the amount being given as from one-third 
to (me half the i)roduct of land under irrigation. When alfalfa is raised in this manner, one cutting is made in 
July and the secx)nd crop is allowed to go to seed. Farmers attribute their success in dry farming to two causes: 
first, the nature of the soil, which retains its moisture for a long time, and, secon<l, many small s[)rings issue from 
the mountains and slowly percolating through the soil keep it moist. 

Water storage in a small way ha3 been tried to a considerable extent in this county. Small earthen dams 
have been built to retain a i)ortion of the sur|)lus spring flood, and the water has been used successfully. The 
irrigators state that this system has proved to be practicable, and that with greater care and skill large areas 
can be brought under cultivation. The unregulated water sui)ply is ample for all needs until about the latter part 
of June. About the first of .Inly it begins to diminish, and crops are often lost after that time. The present 
water supi)ly of this county is derived from the various small streams which issue from the canyons. These being 
distributed along the mountains, there has been no necessity for large canals, but a great number of small ditches 
have been built. These are owned either by individuals or by the towns to which they bring water. In addition 
to the small streams there are two rivers of considerable size, the Bear and Malade. Both of these rivers flow at 
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a depth of from 50 to 100 feet or more beIo\r tlie ti;eueral level of the agrieultaral land, baviat; cut their channels 
deep into the plain, once the bed of Salt lake. The waters of the Malade are iiupreguated with saline matter and 
are not suitable for irrigation. 

Bear river enters the county by a narrow, rocky n'alleit canyon, through which it pasaon with r»i)id descent. 
At the head of this canyon a low dam hua been built to divert the waters into two canals, one on each side of the 
river. These canals are to pass through the canyon in tunnela or galleries in the rocky whIIh and then euter u|K>n 
the fertile plains surrounding Great Salt lake. The accompanying illustration shown the general character of this 
canyon and of the tuunelsby which the water i» diverted. The canal on the west side of the river is nearly completed, 
but that on the east, leaiUng southward towaixl the city of Ogden, isreitorted to huvo been temporai'ily abandoned. 
This great project, when completed, will be the largest of the kind in Utah, and will bring under cultivation 
thousands of aeres of fertile land now useless or but poorly cultivated. The quantity of water in this stream has 
been measuvetl at the lower end of the canyon and abtmt a mile below the dam just mentioned, (a) 
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Cache county is in the nortbern part of the territory and includes tlie greater portion of the valley of the 
same name. The nortiiern end of this valley is in Idaho, and thus the agricultural land and the water supply are 
divided between two great i>olitical divisions, giving rise to complications regarding water rights. Bear river 
flows southward into this county and then turns abruptly to the west, passing through a canyon into Boxelder 
county, as already described. This river flows at a considerable depth below the general level of the agricultural 
land and accordingly it has been found too expensive to bring the water out upon the lands of this valley. Various 
tributaries, however, come from the high mountains to the east, and it is upon the waters of these streams that 
the greater part of the agricultural operations depend. 

The general elevation of the land under cultivation is about 5,000 feet, and the climate is highly favorable 
for wheat, oats, rye, and other small grains. The irrigated land is principally along the edges of the valley, 
extending up on the bench land or beaches left by the retreating waters of the lake, which once occupied this 
arm of the great basin. In the center of the valley and at other points where water is not available dry farming 
is being tried on a somewhat extensive scale. Wheat, rye, oats, corn, and potatoes are being raised by careful 
tilling, the product per acre being from one-half to one-third that on irrigated land. It is reported that from 12 
to 15 bushels of wheat and from 10 to 12 bushels of rye to the acre is a fair crop. Fall wheat is extensively raised. 
To compensate for the smaller yield per acre larger tracts are farmed, and it is even claimed by some farmers that 
the average profits are greater, since the expense of the water is avoided and larger tracts are cultivated at less 
cost per bushel of wheat raised than is the case with the irrigated grain. This is notably the case in many seasons 
when the rainfall happens to bo favorable. The use of water on the gravel bench lands surrounding the valley 
has caused some of the lower lands to be saturated by seepage, so that crops can be raised and even meadows 
formed. In some instances this saturation has proceeded so far that a system of drainage must be put in 
operation. 

On the western side of the valley the water supply is far more scanty, on account of the lower altitude of the 
mountain range. Storage reservoirs have been attempted here and a few are in successful operation. At Newton 
there is a reservoir utilizing the surplus waters of Clarkston creek, and it is reported that 1,000 acres are cultivated 
by that means. The inhabitants of the towns on this side of the valley are preparing to increase the storage 
capacity by enlarging the old reservoirs and building new ones. Although agriculture in this county is in snch a 
prosperous condition, there remain enormous tracts of good land, especially on the west side of the valley, still 
uni)roductive or from which only an occasional crop is obtained. It is known to be feasible to bring the waters 
of Bear river out upon this land, the engineering obstacles being by no means insuperable. There is a question, 
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DISCHAROK IN 8ECOND-FEKT. 



MONTHS. 



Maxi- 
iniini. 



Miui- 
intim. 



1800. 

January 

February 

March 2 1» 31 

April 

May 

June 

July 

A ugnst 

Septcrabor . . . 

OctolHT 

November . . . 
December 



4.800 

6,080 

8,220 ' 

7.940 

4.230 

2,060 

1.425 

1,065 

1,425 ' 

1,545 



Per annum g 220 

1891. 

January 1 

February 2.200 

March.... 2.340 

April 1 to 11 5.000 

May 5.000 

Jnnv 4.720 

July 2,270 



I 



1,100 I 
3.600 
6,890 ' 
4,440 I 
2.060 
1,545 
1.310 
1,365 , 
1,305 ! 

1,000 

I 

1.000 i 



825 
1.425 
1.065 
4.020 
2, 4H0 
1.10.) 



nUN-OFK. 



Mean. 



*1.500 
M.OOO 
3,188 
4.953 
7,924 
0.234 
3,250 
1.754 
1.344 
1.544 
1.403 
1.243 



li 



Total for 
month in 
acre-feet. 



Depth in 
inchen. 



92.250 

55,500 

106.062 

294.703 

487, 326 

370.923 

199. 875 

107,871 

79,068 

91,956 

8.'), 478 

76,444 



2,945 2,130,350 



0.29 
0.17 
0.61 
0.92 
1.52 
1.16 
0.62 
0.34 
0.25 
0.30 
0.26 
0.24 

6.68 



Second- 

fet*t per 

fM]uan; 

mih>. 



MONTHS. 



0.25 
0.17 
0.53 
0.83 
1.32 
1.04 
0.54 
0.29 
0.22 
0.26 
0.23 
0.20 

0.49 



1891. 
Augnnt — 
Setptember 
October — 
November 
lX»ceml)or . 



Per annum 



1 M.OOO 


61.500 


' 0.19 


0.17 


1.308 


' 72,594 


0.23 


0.22 


1.766 


108. 710 


0.34 


0.29 


2.720 


162, 375 


0.51 


0.45 


4,569 


280,093 


0.88 


0.76 ' 


3. 595 


213. 902 


0.67 


0.60 


1.565 


96.063 


0.30 


0.20 

i 



1892. 
January .. 
February . 

Mnich 

April 

May 

June 

July 

August .. . 
September 

October 

November . 
December. . 



TVr annum 



DISK'HAROE I.V SECOND-FEET. 



Maxi- 
mum. 



1.100 
1,200 
1,310 
1,310 
1,545 

5.000 



1,545 
1.310 
2, 480 
2.700 
6.260 
6.260 
4,650 
1.545 
1.000 
1.200 
1, 310 
1.425 

6,260 



Mini- 
mum. 



825 

825 

1.200 

1,200 

1,100 

825 



1.000 
1,000 
1,310 
1.925 
2.480 
4.790 
1,545 
1.000 
1.000 
1.000 
1,100 
1.100 

1.000 



.1 



Moan. 



I Total for 
!; month in 
> acre-feet. 



938 

986 

1.235 

1.262 

1,210 



57.687 
58,667 
75,952 
75.089 
74.784 



1,845 '1,338,316 



1.202 
1. 209 
2.037 
2,397 
3.869 
5,660 
3,037 
1.195 
1.000 
1.131 
1.195 
1.235 

2,097 



73.923 

69. 517 

125.275 

142,621 

237, 943 



BUN-OFF. 



Second* 
Depth in feet per 
inches, j aqaare 
! mile. 



0.18 


0.16 


0.18 ! 


0.16 


0.24 


0.21 


0.24 


0.21 


0.23 


0.20 



4.19 



0.23 
0.22 
0.39 
0.45 
0.74 



336. 770 


1.05 




186, 775 


0.58 




73.492 


0. 23 1 


59, 500. 


0.19 


09,556 


0.22 


71, 102 


0.22 


75. 952 


0.24 


1, 522, 426 


4.70 





0.31 



0.20 
0.20 
0.34 
0.40 
0.64 
0.94 
0.51 
0.20 
0.17 
0.10 
0.20 
0.21 

0.85 
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however, as to the practicability of so doing, both on account of the limited amount of water that can be relied 
upon at all times and on account of the complications arising from the peculiar position of Bear river, crossing, 
as it does, from one state into another. By a proper regulation of Bear lake and the waters of Bear river the 
success of any such enterprise could be assured. 

On the eastern side of the valley are important streams draining the high mountains. On the north is Cub 
river and its tributaries, and at about the center of the county is Logan river, at the mouth of whose canyon is 
located the city of Logan. A number of irrigation works take water from these rivers, the most important of these 
being the Hyde Park and Smithfield canal, the Logan and Kichmond, Logan and Hyde Park, and Logan and Benson; 
these carrying water northerly in a general parallel course along the bench lands. A few measurements were made 
of the discharge of Logan river at points above the high line canal. On August 14, 1889, the discharge was 
126 second-feet; on August 17, 128 second-feet, and on August 24, 106 second-feet. The Logan, Hyde Park and) 
Smithfield canal on June 12, 1889, was carrying 39 second-feet and the Logan and Richmond canal 68 second-feet. 
On June 14 the Logan and Hyde Park canal was carrying 35 second-feet and the Logan and Benson canal 38 secondj 
feet. Besides these there are a number of canals irrigating lands in the south end of the valley near Paradise^ 
Hyrum, and Wellsville. Wherever water can be brought upon the bench lands the farmers are usually successful 
in producing large crops and in raising fruits of unusual excellence, the conditions being apparently more favorable 
than on the lower grounds. 

Davis county lies between the Wasatch mountains and the shores of Great Salt lake, and extends from the 
canyon of Weber river on the north nearly to Salt Lake city. The agricultural land is thus in a long and 
<H>mpai*atively narrow tract. The larger part is in the nearly level bottom of the ancient lake, but a portion extends 
up to the benches or old shores of the lake. The water supply is comparatively large, on account of the peculiar 
topography of the county. On the east are the lofty peaks of the Wasatch. The winds striking against them are 
deprived of their moisture in the form of rain or snow. Innumerable small streams issue from the mountains, and 
springs appear along the base. The water from these, if not used or evaporated, saturates the ground at the base 
of the mountains, and thus the little streams gradually disapi)ear into the soil, whence the water is either slowly 
evaporated or ultimately finds its way into Great Salt lake. A small quantity of this water is recovered by flowing 
wells, the pipes for which are driven in the lower bottom lands. The supply thus obtained is of great value for 
domestic purposes, for watering stock, and for the irrigation of small patches of garden, as well as of fruit and 
shade trees. Many of the owners of these wells report that the water is slightly brackish and not always suitable 
for irrigation purposes. 

One noteworthy feature of water conservation in this county is the development of springs by tunnels driven 
into the flanks of the mountain range. These tunnels are driven on a slightly ascending grade in the *5ame manner 
as an ordinary mine or prospect tunnel, and after penetrating loose material and decomposed rock they usually reach 
the comparatively impervious strata. Here the course is often turned or lateral tunnels are driven along the solid 
or bed rock parallel with the surface. By means of these tunnels the small amount of moisture seeping through 
the beds on the lower slope is caught and conducted to the surface, where it can be used for domestic supj^ly and 
irrigation. 

The lower landsof the county are to a certain extent wet by the seepage from the springs and irrigation carried 
on above, so that large areas of wheat and barley are raised without artificial application of water. Wheat is 
usually sown in September and October, the land being prepared by summer fallowing, and it yields from 10 to 20 
bushels per acre, and barley from 15 to 25 bushels per acre, the amount depending largely upon the winter rainfall. 
Farmers report that probably twice as much could be raised on the same land by irrigation, but taking all things 
into consideration the returns are probably greater than by using water, because of the smaller first cost of 
cultivation. On these lower lands the water must be carefully applied in order to avoid bringing the alkaline salts 
to the surface and thus ruining the land. Drain*age is in many cases necessary, and it is probable that with the 
progress of irrigation large works of this kind will be required. Besides wheat and barley, one crop of alfalfa is 
raised without water, and in many instances it is stated that considerable acreages of this forage plant have been 
started from the seed and cropped regularly without irrigation. It is impossible, however, to raise vegetables or 
trees without a sufficient water supply. 

The water supply being distributed along the base of the mountains, there are consequently many ditches, few 
of them, however, being of noteworthy size. The land under cultivation exceeds the ordinary sui)ply of these 
ditches, and a loss of crops is the result. Considerable care, however, is taken in the management of the available 
water, and during the latter part of the season lands are irrigated both day and night, the water being in continual 
use by one irrigatoror another The farmers often complain that their lot is indeed hard when they are compelled 
to take water at any time of the night, and often to work all night in order to apply it to crops to the best 
advantage. The irrigators owning secondary rights to the water generally begin to irrigate in March and continue 
until about the middle of June, wlien the supply, usually ample to June 1, becomes so scanty that those owning 
primary rights denv»nd the full stream in order to mature their late crops and water their orchards and gardens. 
1090 IR 15 
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Thus a large number of the farmers do not venture to phmt fruit and shade trees to an extent greater than can be 
watered by hand, because of the uncertainty of obtaining the nefeessary supply from the ditches during the summer. 
Water storage and conservation, although practiced to a very small extent in this county, are earnestly desired by 
most of the irrigators on account of the many difticulties and uncertainties which tliey encounter in spite of the 
comparatively good water supply. There have been a number of long and expensive legal controversies, and the 
water of their largest canal has been cut oft* for a time by order of court. 

Emery county is east of the center of the territory and lies wholly within the drainage of Green river, one 
of the forks of the Colorado. The county is composed principally of great plateaus, which descend rapidly to the 
east and south by steep escarpments. Through these i>lateaus deep canyons have been cut by the Price, San 
Kafael, and Fremont rivers and their tributaries, and also by the smaller streams flowing into Green river. On 
the i^latejius and along the cliffs there is little vegetation, and whenever heavy storms occur enormous quantities 
of earth are loosened and washed down the narrow canyons, causing floods of great violence and destructiveness. 
Mud, sand, and bowlders are rolled along in these torrents, and the canyons are carved still deeper by this mass 
of turbulent material. Agricultural land is scattered along the streams in occasional narrow valleys wherever the 
canyons open, and also on the plateaus near the head waters of the streams before these have entered the deep 
canyons. The elevation of the tilled land varies from 4,000 feet along Green river to 6,000 feet or upward in the 
western part of the county. The water supply is derived from the streams just mentioned and is taken out upon 
the land by ditches made by the farmers, no crops being raised without irrigation. Along Green river small 
bodies of land are irrigated by means of norias or undershot water wheels, carrying buckets upon their rims. 

The expense and labor involved in maintaining the irrigating ditches is large on account of the changeable 
character of the streams, which are liable at any moment to become raging torrents, carrying away head works or 
portions of canals, or even overwhelming the agricultural lands themselves. These floods often subside as rapidly 
as they come, and leave the channel almost, if not quite, dry. The princii)al towns are in the western part of the 
county, not far from the head waters of the streams, since at this place the water is more easily controlled and can 
be taken out upon the fields. The irrigators state that in order to bring all their land under cultivation it will be 
necessary to store a portion of the flood waters by diverting them from the streams into suitable depressions or 
into reservoirs, the facilities for whose safe construction are excellent. 

Garfield county is in the southern part of Utah, extending in a narrow belt from the Colorado river 
westerly across the head waters of the Sevier. The county is thus composed for the most part of high plateaus 
and mountain ranges deeply cut by canyons, which rarely open Uy a sutticient width for agricultural operations. 
Sheep and cattle raivsing is the principal industry, the soil being tilled in the vicinity of home ranches of the herders 
or of the small towns from which supplies are obtained. There are a few broad valleys in the western part of the 
county, high among the mountains, where meadows are foun<l or are nuide by turning the streams out ux>on the 
bottom lands. 

The tilled land is along the head waters of the east and the west fork of the Sevier, and also to a less extent near 
the sources of the Paria and Kscalante rivers, both flowing into the Colorado. The water supply is in general 
ample for all purposes, but when it is used freiely from the streams flowing into the Sevier, farmers living in the 
valleys farther down stream suffer for lack of it. The ])eculiar manner in which the counties are divided in this 
portion of Utah stands in the way of water conservation, since it is diflicult to enforce economy along the river, 
flowing, as it does, across several counties. 

(rRAND COUNTY was fomicd of that portion of Emery county between the Colorado line on the east and Green 
river on the west. The principal agricultural land is on the east side of Grand river, northwest of La Sal 
mountains, at an elevation of about 4,000 feet. The valleys, surrounded by high plateaus or mountains and thus 
protected from violent winds, have an almost semitropical climate. The water supply is derived from small 
streams, which issue from La Sal mountains in quantities more than sufl&cieut for present needs, for agricultural 
resDurces have not been developed up to the easily available water supply. 

The principal settlements are at Moab, at the numth of the Spanisii valley, and in the Colorado valley, about 
miles below the mouth of the Dolores river. As yet injurious insects and parasitic growths destructive to x)lant 
life have not invaded these isolated valleys, and farmers have been unusually successful in their attempts to raise 
ti'uits and grain. The tilled land is along the small streams, the toi)Ography being su(!h that canals or large ditches 
have not been found necessary, the water being taken directly from the streams by short laterals to the fields. 
There are immense tracts of fertile land along Grand river awaiting the construction of suitable canals, and it is 
only a question of time when large areas now devoted to grazing will be brought under cU)se cultivation. 

Iron cointv is in the southwestern part of the territory, below Beaver county, to which it is similar in numy 
respects. The tilled land is c<mflne<l to the eastern end of the county, and lies in narrow valleys at an elevation 
of about (5,0(K) feet along the foot of the mountains or escarjjments which bound the great plateaus of southern 
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Utah. The water supply is derived from the small streams wliich issue from these high table lands, the amount 
depending upon the depth of snow falling upon the high lands during the winter. These streams are subject to 
violent floods in the spring, and as a rule decrease in June, furnishing barely enough water for the land then under 
cultivation. 

The county contains immense tracts of barren land, the soil of which is fertile and produces good crops where 
water is applied. The .acreage now under cultivation is relatively very small, but it is as large as the present 
unregulated supply will permit. The farmers, like those of Beaver county, are convinced of the necessity and 
feasibility of storing the flood waters in order to bring larger areas under cultivation. The greater part of the 
flood water is now unused, although as much as possible is diverted upon the hay lands in order to saturate them, 
and thus produce some grass for grazing. In the fall, also, after the crops are matured, any water remaining in 
the streams is thus utilized. At some of the towns in this county, as well as in adjoining localities, instead of a 
water master or overseer, a '* field committee " is appointed to regulate the water during the crop season, thus 
leaving the distribution of the irrigating streams to a number of men, instead of to one man. 

Juab county is in the center of the western side of the territory and consists of a long, narrow strip 
extending westward from the Wasatch mountains across the desert to the Nevada line. The tilled land is 
mainly in Juab valley, in the extreme eastern end of the county, along the foot of Mount Nebo and the 
Gunnison plateau. A number of small streams issne from these mountain masses, the juincipal one, known 
as Salt creek, rising on the east side of Mount Nebo and flowing south and west around its base. 

The agricultural lands are at an elevation of 5,000 feet and possess a climate similar to that of Salt Lake 
valley, to the nortli. Little, if any, land is cultivated without irrigation, the only exceptions being in the case 
of small areas of rye, corn, alfalfa, and wheat, which are reported to be raised without the artificial application 
of water, but which may possibly receive a small amount of moisture from springs or by seepage. The present 
water supply is insufficient for the needs of the -land already tilled, and attempts have been made to build 
reservoirs, but with small success, as the dams for these are built in the cheapest manner possible and have been 
washed out by floods. The excess water of the spring, therefore, goes to waste, except such portions as may be 
turned u|)on grazing lands. 

Kane county is on the extreme southern border of the territory, adjoining Arizona. It extends from the 
Colorado river westward, including the head waters of the Virgin. Like most of the country tributary to the 
Colorado, it consists of lofty plaiteaus, deeply eroded, and intersected by narrow canyons. As a consequence the 
streams flow for the greater part of their course far l)elow the general level of the tillable lands. The cultivated 
areas are mainly in the western end of the county, on Kanab creek, and on Valley creek, a tributary of the Virgin. 
The irrigate<l land receives its water from these streams and the valleys being exceedingly narrow the ditches are 
necessarily small, extending along each side and covering small strips of land. Nearly all the valley land to which 
water can be brought is cultivated, and the water supply is ample for these limited areas. In the higher parts of 
the county there are a few localities in which corn, rye, and wheat are cultivated with partial suexjess without 
irrigation, but in the towns, where the elevation is from 5,000 to 5,500 feet, irrigation is necessary for all crops or 
trees. 

The expense of irrigation is very great in this county on account of the destructive floods, which rusa without 
warning down the narrow canyons, sweeping out portions of the ditches, and at times even excavating channels 
to a depth of 50 or GO feet, or even more, leaving the ditches high above the stream. It is only by constant 
expenditure and wonderful perseverance that settlements are maintained in these localities. 

Millard county, like the other counties in the western part of Utah, extends from the mountain ranges of the 
central part of the territory westward to Nevada, lii the center of the county is Sevier lake or sink, into which the 
Sevier river flows, the water being lost by evaporation, leaving a great deposit of saline matter. This river enters 
the county in the northeastern corner and flows southwestward. The amount of water carried is nsnally small from 
the fact that the greater portion of the stream has been diverted upon lands in other counties through which it 
flows. Much of this county consists of broad deserts, from which rise short, abrupt mountain ranges. The soil is 
fertile, but on account of the lack of moisture it can not sui)port the forms of vegetation useful to man. At the 
eastern end of the county, along the foot of the Pavant mountains, are a number of small towns dependent mainly 
upon agriculture and stock raising, receiving the necessary water from the little streams, whose waters are thus 
entirely used. Attempts have been made to increase the available supply from these streams by storing the floods 
in reservoirs, but many of the dams constructed for this purpose have been swept away. 

The water of the Sevier river is used upon land in the canyon where it enters the county, and it is also diverted 
by dams into canals supplying the towns of Deseret and Oasis. The expense of maintaining these dams has been 
enormous. They have been washed out many times, and finally at great expense a new system has been constructed 
for the town of Deseret, the river being diverted from its original channel in order to insure greater stability in the 
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headworks of the canal. Measurements of the dis<;har^e of Sevier river were made at Leamington (a), being thus 
above the points of diversion of the canals taking water from the river to lands northeast of Sevier lake. 

Morgan county is in northern Utah, lying east of Davis county. The greater portion of the area is 
mountainous, agricultural land being found only along the Weber river and its tributaries, the principal of which 
is East Canyon creek. The valleys are very narrow, so that the tilled land is in long, narrow strips. Irrigating 
ditches are usually small and numerous, several ditches carrying the water that could be conveyed with greater 
economy in one large well located canal. The water is derived from Weber river and its aMuents or from springs 
in the canyons. The area under cultivation exceeds that which can be supplied with water in all seasons, and 
unless there is an unusual snowfall in the mountains a ])ortion of the crops is lost each year, except in the case 
of the irrigators owning prior rights. Water storage is needed, but the facilities for its construction are said to be 
very limited. 

Economy of water under the present system seems to be imjiossible, as there are many small ditches, eaeh 
independent of the other, and all constructed with the object of obtaining as much water as possible. For example, 
there are in the vicinity of Morgan 9 ditches, 4 on one side of the river and 5 on the other. Two well located and 
carefully built high line canals would probably furnish more water and cover a larger acreage. At present the 
water rights are in an unsatisfactory condition, and there is complaint of waste of water by those holding prior 
rights or tliose fortunately situated on the head waters. 

Piute county lies north of Garfield county, and like it extends in a narrow belt from the Colorado river, 
including on the east the greater part of the drainage basin of the Fremont river and at its western end several 
valleys, through which flows the Sevier or its tributaries. The eastern part of the county consists principally of 
high plateaus cut by deep canyons, and it consequently contains but small areas of irrigable land. The towns are 
principally in the center of the county, near the head waters of the Fremont river, where the canyons are of less 
depth and the valleys sufficiently wide to give agriculture a foothold. A small portion of the head waters of the 
Fremont lies in Sevier county. Included in this area is Fish lake, a body of fresh water about 6' miles long and 1 
mile wide. This is already used as a reservoir, a dam being constructed across its outlet by the ii rigatois along 
the river in Piute county. 
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The valleys of the western end of the county are comparatively broad and receive waters from numerous 
small streams which enter the Sevier from both sides. In the valley through which the Sevier river flows the 
ditches are generally taken out from the small streams rather than from the river itself, both for the sake of 
convenience and economy. Being near the head waters, most of the farms have an ample supply of water, and 
thus there is less demand for storage, but many farmers are apprehensive that with the development of irrigation 
in Garfield county they will not be able to receive their usual supply. The county contains a large number of 
excellent reservoir sites, notably on Otter creek, which flows from Sevier county. The lack of coincidence of the 
county lines with lines of drainage leads to many complications, since the reservoir sites needed by this county are 
in some cases beyond its jurisdiction, while in turn it contains reservoir sites of no use to its own people, but of 
great value to others. 

Rich county is in the northeastern cprner of Utah, adjoining Idaho and Wyoming. The agricultural land 
in this county lies in two valleys, separated by the Bear River plateau. On the east of this plateau is the Bear 
River valley and on the west is Bear Lake valley. The greater portion of this latter valley is in Idaho, there 
being a comparatively narrow strip of land along the southern and western shores of the lake. Bear River valley 
is a broad, open trivct of country, lying at an elevation of nearly 7,000 feet. The climate is somewhat cold, but the 
hardier crops flourish. The water supply is derived from Bear river, which flows from south to north, and from 
numerous tributaries rising in the mountains to the west of the river. 

In Bear Lake valley, in the vicinity of Laketown, are irrigated farms of considerable size. North and east of 
this place, however, the shores of the lake rise abruptly, leaving little room for agriculture. To the west of the 
lake, however, the slopes are more gentle, and the irrigated land extends in a long, narrow strip, receiving water 
from small streams and springs in the canyons. There are a number of notable springs in this county, due to 
the peculiar structure of the mountains and the prevalence of limestone, which in places has been dissolved, giving 
rise to underground water courses of considerable size, carrying in one case as high as 50 second-feet. 

Sai!t Lake county is southeast of (Jreat Salt lake and lies between the summits of the Wasatch mountains 
on the east and the Oquirrh mountains on the west. On the south it is bounded by a transverse range of hills, 
through which the Jordan river has cut a deep notch. The agricultural land is at an elevation of from 4,300 to 
5,000 feet, and enjoys a climate of the most favorable character, since from its central ])osition and elevation it is 
not subject to great extremes of heat and cold. Tlie natural facilities for irrigation in this county are not surpassed 
by those of any valley in the arid regions. 

The water supply comes from two sources. The first consists of the various streams whicli issue from the 
Wasatch mountains, on the east of the county, flow westward through narrow canyons, and finally enter the valley, 
where, before irrigation was practiced, the water gradually disappeared into the sand, or in times of flood flowed 
into the Jordan river. The second sonrce of supply is the Jordan river, the outlet of Utah lake, situated in the 
county of Utah. The water from this river is carried to the farming land by 5 large canals, 2 on the east sicje and 
3 on the west, as well as by a multitude of small ditches, a few of which furnish power to mills. 

Although the natural advsmtages of the water supply are almost unexcelled, yet the utilization of these 
advantages has not been of the most satisfactory chanicter, from the fact that the irrigating systems have sprung 
up without plan and have been developed solely with reference to the needs of the individual owners, and not with 
regard to the general good of the county. For example, water which could be used on the high bench lands is 
taken from mountain streams down to the low lands beneath the level of canals taking water from I'tah lake. The 
irrigating ditches thus cross each other, giving rise to complications and waste in construction, and water which 
might be employed to better advantage upon the higher lands is taken to the farms which apparently should be 
irrigated by lake water. 

Utah lake is the great natural reservoir for Salt Lake county, and upon the proper utilization of its waters 
depend the i)rosperity and future extension of the farming land of that county and to a less degree the growth of 
the city of Salt Lake. Up to the present time, although the need of improving the water supply has been 
appreciated, no serious attempts or definite i)lans toward this end have been made. The employment of Utah 
lake as a reservoir, so that the water shall be used to the best advantage, is not a simple engineering problem, but 
is complicated by the facrt that vested rights to its waters have been acquired by individuals and corporations, 
who can scarcely be expected to work in harmony, and, further, much of the land surrounding the lake and 
a<ljacent to its outlet has passed into the hands of proprietors whose interests are apparently antagonistic to those 
of the farmers of Salt Lake valley. 

The control of the lake has been a stmrce of dispute for many years between the two counties. On the one 
hand, the farmers of Salt Lake county deemed it necessary to hold back as much as possible of the flood waters in 
the lake, and, on the other hand, the residents of Utah county owning land around the lake wished to have the 
waters flow freely through the Jordan, in order that the lake might fall and the area of pasture lands be as large 
as possible. The contentions between these two parties finally culminated in a lawsuit for damages for injury 
caused by flooding lands in Utah county. The matter was finally settled by arbitration, and a compromise was 
agreed upon in 1885, by which a board of commissioners representing both counties was empowered to regulate 
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the height of the water in the lake and to hold it at a certain level. If the water should at any time be maintained 
at a higher level than agreed upon, the damages, if any, to the land in Utah county must be paid by the owners 
of the dam in the Jordan river. 

Under the act of Congress of October 2, 1888, the lake and the surrounding lands were segregated as a 
reservoir. A survey of the shores was made by the United States Geological Survey and a study of the 
hydrogi-aphy of that drainage basin was begun. The conclusions reached were, that to serve its best purposes as 
a reservoir the lake should be drawn to a lower level on account of the enormous evaporation from the present 
water surface, the supply of the lake not being in many seasons sufficient to counterbalance this enormous loss. 
At the same time, to provide storage room for unusual Hoods, the land below high water mark should be withheld 
from settlement and entry. 

In consequence of uncertainties attending the amount and distribution of the water in complicated and 
wasteful ditch systems, there are great losses of crops, especially among the farmers owning second and third 
rights, and these irrigators complain bitterly of the apparent lack of economy among the older settlers, who enjoy 
prior rights. The majority of the farmers in the valley state that the way out of their difficulties is by a more 
careful and just regulation of the water and by the storage of the excess waters of the spring Hoods. They discuss 
the methods of water storage, especially in the reservoir sites at the head of the Cottonwood creeks, reserved for 
this purpose by the government, and express hopes of ultimately constructing dams for water storage in the more 
favorable localities. Experience has shown that, owing to the gradual accumulation of moisture in the soil, less 
water is required to irrigate an acre than formerly, and therefore a far larger acreage is now cultivated than 
appeared possible in the early history of the valley. 

San Juan county is in the southeastern corner of the territory, adjacent to Colorado, New Mexico, and 
Arizona. Settlement has progressed but slowly, as the arable lands have not been thrown open to agricultural 
entry to any considerable extent, and possible settlers have been deterred from entering upon them by the 
uncertainty as to the reservation of lands for the Ute Indians. • 

The San Juan river crosses the southern part of the county, flowing into the Colorado river, which forms the 
western boundary of the county. There is usually an ample supply of water in this river, but the bottom lands 
being narrow and the channel shifting in every flood the expense of bringing water u[)on the land is generally 
too great for the area to be cultivated. On account of the difficulty and expense of bringing water from the river 
by canal, it is a question among the farmers as to whether it would not be advisable to attempt to raise the water 
by machinery rather than try to build new dams each year in the unstable sandy channel. Along the tributaries 
of the San Juan and in the higher valleys a small amount of laud is brought under irrigation. Stock raising, 
however, is the principal industry. 

Sanpete county is in the center of Utah, and is the most southerly of the chain of thickly settled counties 
which, beginning with Cache county on the north, extends in a generally southern direction. The county includes 
the whole of the catchment area of Sanpitch river and a i>ortion of the valley of the Sevier river, both above and 
below the junction with the Sanpitch. The agiicultural land lies along these rivers and their tributaries and has 
an elevation of from 5,000 to 6,000 feet. 

The Sani)itch valley is watered by various small streams, which issue through canyons leading down from the 
Wasatch plateau on the east. Between the Sanpitch valley and the Sevier is the Gunnison plateau, which, however, 
is not of a height sufficient to gi\e rise to perennial streams of importance. The west side of the valley, therefore, 
receives very little water, and the principal towns are along the eastern edge of the agricultural lands. At the 
mouth of each canyon from which a creek issues a settlement has been made, and many of these have been 
incorx)orated as cities, the inhabitants, however, depending almost entirely upon the cultivation of the surrounding 
fields or upon sheep and cattle raising. The municipality controls the waters of the creek and ap]>ortions them to 
the town lots or fields in accordance with regulations made by the voters. The control of the water is under the 
direct supervision of a water master and his deputies, who regulate the head gates of the various ditcheis, turning 
the water to the users according to a schedule previously prepared. The water supi)ly of each city and its 
surrounding fields is wholly within the control of the people, and they have no one but themselves to consult 
in regard to its conservation or employment. They may construct storage works, improve the channel, or make 
any regulations desired. 

The conditions of control in that portion of the county situated in the Sevier valley are in marked contrast to 
those just mentioned in the Sanpitch valley, for here the water supply is received, not from independent sources, 
which can be controlled without interference, but from the Sevier or Sanx)itch river, after having passed by the 
canal head works and agricultural lands of various irrigators. Tiie waters of the Sevier river are used in three 
counties before reaching Sanpete county, and, therefore, there is but little available except in flood seasons. 
There is two or in places three times as much land under cultivation in the Sanpitch valley as can be supplied 
with water in ordinary seasons. It has become customary to let one-half the fields lie fallow for a year while the 
other half is being used, the fallow land being plowed once or twice in order to destroy the weeds. The water 
supply is scanty even for one-half the land, and the right to take water from each creek, by increase of settlement 
and subdivision, has become so complicated and has been so extended that it is difficult even for those owning prior 
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rights to get sufficient water to mature a fair crop. It is eveii wor.se with the later settlers, for, accordiug to the 
regulations, they are only allowed tlie flood waters or such j>ortions of the stream as their neighbors can not use. 
After a late coiner has used the water for several years and has established a home it becomes a matter of great 
diflficulty, both legally and actually, to deprive him of water, destroying his trees and fields, in order that the older 
settlers shall have enough, and yet, on the other hand, irrigators holding prior rights feel that it is not just for 
other men to come in and gradually destroy the value of their farms by acquiring the greater part of the water. 

Sanpete county is a good example of the evils arising from the neglect of jealously guarding prior rights. As 
}>opulation increased, the older farmers, from friendship or compassion, allowed others to share their water supply, 
and frequently in times of scarcity good naturedly divided the scanty supply. Thus an increasingly large number 
of irrigators acquired certain rights to the water, until the limit has been reached, when in dry seasons all suffer 
together, and at other times there is barely enough water for all, and they do not receive sufficient returns to insure 
prosperity or contentment. Storage reservoirs and other projects for increasing the supply have been attempted. 
A number of reservoirs, all of small size, have been constructed or are now being made in various parts of the 
county. Owing to lack of experience and engineering skill several of the dams of these reservoirs have been 
swept away by floods, with considerable damage to property, while others have been so located that there is not a 
sufficient amount of water to fill the basin. 

Sevier county is in the central part of the territory, and includes the principal valley along the course of 
the Sevier river. In this broad valley are a number of towns of considerable size, all depending upon agriculture. 
Many canals receive water from the river, and various small ditches are fed from springs and streams which issue 
from the mountains on each side. Only a small i>ortion of the valley land is tilled, thousands of fertile acres lying 
idle for want of water. Farming communities depending upon the smaller streams utilize them to their fullest 
extent, small reservoirs being built in various places to hold the flood waters until needed for maturing crops. 
The irrigators who depend upon the Sevier river do not enjoy the same security in regard to the permanence of 
their water supply, as agriculture is lapidly being developed above them in the valleys of Garfield and Piute 
counties, and thus the summer flow of the river tends to diminish. 

There is a feeling of insecurity in regard to water rights along this large river, since settlers are pushing into 
every little valley and diverting upon their lands the springs or streams which formerly flowed into the river, thus 
tending to decrease the amount flowing through the lower valleys. At the same time, ditches along the course of 
the river are being enlarged and gradually extended to cover new land, and occasionally a new canal is built by an 
association of farmers, who, by better organization and co-operation, necessarily gain strength and importance, 
and by acquiring old water rights in one way or another diminish the amount available for the smaller ditches. 

Summit county is in the northeastern part of Utah, surrounding on two sides the re-entrant angle formed by 
the corner of Wyoming, which appears to encroach upon the territory of Utah. This county includes the head waters 
of Bear river, Weber river, and the principal bmnch of the Prove. The agricultural land is along the comparatively 
narrow valleys of these streams and their tributaries, receiving water from them or from the numerous springs 
issuing from the sides of the mountains. 

The general elevation of agricultural land is from 5,500 to 7,000 feet, while the mountains rise to heights of from 
10,000 to 13,000 feet. The water supply of this rugged country is generally ample at all times of the year, although 
in the lower valleys losses of crops have occurred. In 1889 the losses were especially great in this and the counties 
adjoining. Attempts were made by the irrigators of the lower counties to restrain the farmers of Summit county 
from using ajl the water, so that some might flow to the dry fields below. Men came up the river at that time with 
the intention of closing the head gates of the various ditches, but the attempt was not a success, and it does not 
appear that the irrigators of the lower counties were benefited. 

Attempts have been made in a small way to store water, and several irrigators report that they are depending 
upon water from their own reservoirs and are increasing the supply by building new and better dams. The 
washing oat of one dam, and consequent loss ot property, have taught the farmers that great care must be used 
in these undertakings. Small crops of wheat and oats are occasionally raised without irrigiition, but this method 
is very uncertain, and the yield is small unless there happens to be an unusual amount of rain. The success of 
farming, either with or without irrigation, depends directly upon the amount of precipitation; Whenever the 
snowfall during the winter is heavy, farmers look forward to a prosi^erous ieason, and when the snowfall is light, 
as it has been for several years, the prospects are discouraging, since the greater portion of the snow melts and 
runs away in the spring before the water is needed. In the upper valleys the seasons are short, frosts occurring late 
in the spring and early in the fall, rendering agricultural success a matter of uncertainty. 

Tooele county is southwest of Great Salt lake and includes the greater part of the desert of the same name. 
The county extends from Oquirrh mountains on the east to the Nevada line on the west. It includes a number of 
small mountain ranges, rising abruptly from the broad and nearly level valleys and having a general north and 
soutli trend. The county lies almost within the center of the area formerly covered by the waters of the fresh water 
lake known to geologists as Lake Bonneville, and the soil of the broad valleys and deserts was deposited by these 
waters. The mountain ranges were islands in the lake, and still show the results of wave action in the broad 
terraces, successive beaches of the lake. The soil in the valleys is very fertile, but is heavily charged with alkalme 
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Balts^ so that care must be taken in' applying water. On the terraces the soil is usually not so good, but it 
is comparatively free from alkali and is cultivated to a small extent. 

The water supply of this county is very limited, so that a very small portion of the broad, fertile valleys can 
be irrigated. Along the foot of each mountain range there are a few springs which are utilized either for watering 
stock or, if sufficiently large, for irrigation. The mountain ranges do not rise to a height sufficient to receive a 
very heavy snowfall, and consequently the streams from them are small in size and variable in quantity. There is 
a prevailing opinion among the farmers that by driving tunnels into the mountains and cleaning out the springs 
the water supply can be increased. Thi« is undoubtedly the case where, for example, the strata dip away from tl»e 
valley and tend to carry the small amount of water which may be percolating through the rocks away to the 
opposite side of the mountains. 

The cost of irrigation in this (iounty is very great on account of the numerous failures to obtain sufficient 
water or the destruction of ditches by unexpected floods. Valley bottoms are at an altitude of about 4,200 feet, 
being but slightly above the level of Great Salt lake. The climate is extremely arid, and there is a considerable 
range of temperature, frosts sometimes occurring late in the spring or early in the fall, in spite of the high 
temperature prevailing during the summer. Among the mountains small acres of rye, wheat, and corn are 
cultivated without irrigation, although the yield is small and may not repay the labor of tilling the soil, unlesd the 
season happens to be unusually rainy. Some alfalfa is also raised in the same way, the cuttings being only from 
one half to three quarters of a ton to the acre, while on irrigated land they are 2.5 tons. 

The principal towns are in the eastern end of the county, in Tooele and Kush valleys. . They depend for their 
life largely upon mining and stock raising, the cultivation of the soil being of secondary importance. In the 
extreme western end of the county, on Deep creek, and especially in the vicinity of Ibapah, is a small amount of 
agriculture, the su))plies being readily marketed at the Deep Creek mines. 

Uinta county is in the northeastern corner of the territory, adjoining Wyoming and Colorado. The mountain 
range of the same name crosses the northern end of the county, while the southern and western parts are covered 
by the Ute Indian reservation, thus leaving but a small portion of the county open to agriculture. The tilled land 
is mainly along Brush creek and Ashley fork, both of which flow into Gre^n river. Water is taken from these 
smaller streams, a« they can be readily controlled. Green river crosses the northeastern corner of the county and 
then flows diagonally through the county from northeast to southwest. Its waters, however, are in general too 
far below the agricultural land to be taken out, or at places where diversions may be feasible the expense has 
been too great for the present inhabitants. 

Utah county embraces some of the best agricultural land of the territory, its principal valley equaling if not 
excelling in advantages of location and water supply any other valley in the territory. This county is south of 
Salt Lake county and extends from the summits of the Wasatch westward to the Oquirrh range. In the center is 
the beautiful body of fresh water known as Utah lake, on the western shore of which is a short mountain range 
rising about 3,000 feet above the valley and known as the Lake mountains. These divide the county into two 
portions, Utah valley, containing Utah lake, on the east, and Cedar valley on the west. The contrast between 
these valleys is striking, the one with its well watered fields and broad lake, the other almost a desert, with but 
few small towns and limited agricultural possibilities. In soil and climate there is no appreciable difference, and 
it is the water supply alone that gives the great superiority to the valley on the east. 

The natural water supply of this county is excellent, but farmers claim that the water is not distributed with 
due regard to economy or apparent equity. The greatest cause of loss is the duplication of canals, two, three, 
or even four small canals running in general parallel courses and carrying the water to land that one large canal 
would serve with far greater economy. As a consequence of the large number of ditches the construction is usually 
poor and the head works and flumes are of temporary character. The dams and head gates are occasionally washed 
out or injured in floods, or, for instance, by the railroad ties which are floated down the river at the time of the 
spring freshets. lu consequence of these injuries crops have been lost before the damage could be repaired. 

The principal streams watering this valley are the American fork, Provo orTimpanogus river, Hobble creek, 
Spanish fork, and Salt creek. The Provo is by far the largest river. It drains an extensive area to the east of 
the main range of the Wasatch, thnmgh which it cuts a deep canyon. The excess water of these rivers, together 
with the drainage troui the fields, finally finds its way into Utah lake, the regulation of which is mentioned in the 
description of Salt Lake county. There is more arable land than can be watered by the regulated flow of the rivers, 
and, as a consequence, the area of tilled land has increased until limited by the amount of water available in 
ordinary seasons. In times of drought, therefore, the land more recently brought under cultivation can not prcwUice 
a crop, and considerable suffering exists among the later settlers. 

Under the well established customs of Utah, previously mentioned, the water supply is given to those farmers 
who have used it the longest, the rights of each man being classed as first, secoixl, or third, acconling to local 
regulations. In times of drought, as during 1888 and 1881), the farmers having only third rights lost their crops 
and most of their trees and vines, excei)t such as were watered by hand. Those holding secondary rights also 
lost heavily, and even among those having first or nrior rights the water was not sutticient for all demands. 
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Many of the larger irrigation wcn^ks of Utah valley, as well as those of Salt Lake valley, are owned in part by 
persons who do not personally cultivate land, but who annually rent their water rights at the market value. There 
is no fixed price, the rental being a matter of agreement between the parties interested. Thus the owner of water 
rights may rent his rights to one irrigator for a given season and to another the next. These water rights, or, more 
properly, shares of stock in the canal, are supposed to entitle the owner to a certain amount of water, each share 
being intended originally to furnish water for one siere. In times of scarcity, however, one share of stock may 
actually furnish water sufficient for only one>tliird or perhaps one-fifth of an acre, and even, in some instances, for 
only one-seventh of an a<3re. There is very little dry farming in this county. A small acreage of wheat is planted 
in the fall and is sometimes successful. 

The lower lands of Utah valley were first brought under cultivation and have prior rights to the water. After 
these were taken up agriculture began to encroach upon the higher bench lands or shores of the ancient Lake 
Bonneville, and later canals were taken out to water these benches, many of them, however, having rights only to 
the surplus water. The irrigation of the higher lands has a tendency to moisten the lower fields, and when an 
excessive amount of water is applied during the flood season the water -slowly api>ears on the lands below, and 
later in the season may saturate those so completely as to make pasturage, or even injure it by creating marshes 
or by developing an alkaline crust. Thus in the future development drainage must be inaugurated as well as an 
improved system of distributing the water. 

Water conservation has been attempted in a small way, and several reservoirs have been built in suitable phices, 
by means of which a few farms have been successfully cultivated. Many sites are favorable for this purpose. 1 n one 
or two instances attempts have been made with little success to increase the ordinary summer flow by tunneling 
into the mountains. On the lower lands, esi)ecially near the lake, there are a large number of flowing wells, which 
are useful not only for domestic supply and watering cattle but to a small extent for irrigation. They are confined 
mainly to lands so low that they are already wet by seepage. The well water is usually statetl to be not as good 
as that from ditches, on account of its slightly saline qualities and lack of fine fertilizing sediment, (a) 

Wasatch cointy is east of Utah county, the greater portion of it being included within the catchment 
area of the Duchesne river and its tributaries, a part of the Coloiado drainage. Nearly all the county lies 
within the Uinta Indian reservation, but on the western end a^niall projection of the county lines extends across 



aObAervations on the flow of vHrious streiuns are given in the following tables: 

Table I.— DISrHARGE OP PROVO RIVKR AWn'E PROVO, UTAH. 

(Drainage area, 640 aquaro niilea.) 



I>I8riIAKOK IN 8ErOND-FEET. 



MOMTHH. 



RUN-OFF. 



DISCHAKOE IN HBCOND-PBET. 



Maxi- 
mum. 



Mini 
mnm. 



Mean. 



Total lor 
month in 
acre feet. 



Depth in 
incheH. 



1889. 

July 27 to .n 150 

August ' 149 

September ' 174 

October i 200 

Novemlwr ; 280 

December 6.30 

:890. 

January 700 

February ■ 564 

Manh 700 

April K240 

May.. 2,180 

June 2,260 

July 440 

Augur4t 280 

S«-]»tember 280 

Octolnrr XU) 

November .130 

Di'cember :J30 

IVr unnuni 2.260 



149 
144 
144 

174 
200 
240 

200 
280 
240 
500 
I.31C 
440 
280 
240 
240 
280 
280 
240 

200 



150 
145 
150 
180 
224 

:m4 

M05 
377 
.'.iO 
840 
1,926 
1.184 
314 
252 
244 
304 
303 
293 



9.225 

8.917 
8. 925 ; 
11,070 

13, 328 
23,016 

18.751 
20, 923 
31.018 
49. 080 
118.450 
70. 448 
19.311 
!.">. 408 

14, 518 
18.696 
18, 028 
1H.020 



572 ; 414.541 



0.27 
0.26 
0.26 
0.32 
0.39 
0. 69 

0.55 
0.61 
0. a'l 
1.46 
3.47 
2.06 
0.56 
0.45 
0.43 
0.55 
0.53 
0..53 

12 13 



Second - 

feet i>er 

square 

mile. 



0.23 
0.23 

0.28 
0.35 
0.60 

0.48 
0.59 
0.81 
1. 32 
3. 01 
1.85 
0.49 
0.39 
O.W 
0.48 
0.47 
0.46 

0.89 



.MONTHS. 



Maxi- 
mum. 



Mini- 
mtim. 



Mean. 



1891. 

January 

February . . 

Miireli 

April , 

May 

June 

July 

AugUHt 

September 

October 

XovimhImt . 
Ih'cemlier. . 



P«*r annum 

1892. 

Januiirv 

February 

M.inrb 

April 

Mav 

June 



280 

500 

1.316 

930 

1.704 

1.470 

1.240 

280 

440 

.380 

380 

380 

1,704 

330 
380 
440 
440 
1,780 
1,626 



July 1,240 

AugUMt 

Septemb«'r 

October 

November 

DwemlMM" 



280 
240 
280 
280 
3:{0 



Per annum 



1,780 



240 i 

280 

280 

280 ; 

851 

851 

200 

200 . 

280 

330 

■380 

:wo j 

200 

330 
3.30 
.330 
330 
774 
1,310 
2(0 
171 
200 
200 
240 
240 

174 



255 
311 
492 
478 
1,226 
1.190 
423 
260 
314 
364 
380 
343 



KUN-OFF. 



Total for 
month in 
acre-feet. 



1 , Second- 

I Depth in ' feet per 
inches. . nquare 
mile. 



15, 682 
17, 240 
30.258 
28, 430 
75,399 
70, 805 
26. 014 
15.090 
18,683 
23. 386 
22,610 
21.094 



.503 , 305,591 



0.46 ' 

0.50 

0.89 

0.83 

2. 21 

2.07 

0.76 

0.47 

0. .55 

0.68 

0.67 

0.62 

10.71 



3.30 
.351 
361 
377 
1.079 
1.511 
441 
201 
201 
241 
279 
257 



20. 295 
20, 182 
22,201 
22,431 
66,358 
89,905 . 
27.121 ! 
12.361 
11,959 
14,821 
16,600 
15. 805 



409 ^ ,340, 0.31) 



0.59 
0.59 
0.65 
0.66 
1.95 
2.64 
0.80 
0.36 
0.35 
0.43 
0.49 
0.45 

9.96 



0.40 
0.48 
0.77 
0.75 
1.92 
1.86 
0.67 
O.il 
0.40 
0.57 
0.60 
0.S4 

0.79 

0.52 
0.55 
0.57 
0.50 
1.68 
2.37 
0.69 
0.31 
0.31 
0.38 
0.44 
0.40 



0.73 



234 



IRRIGATION. 



the head waters of the Pi*ovo river, and it is in this small corner of the territory that the principal towns and 
agricultural areas are situated. 

The valley of the Provo at this point is comparatively broad, and the river, rising in the Uinta range, 
furnishes water suflfictient to supply all or nearly all the land to wbich it can be tak^n. Along the tributaries of 
the Provo, however, are tracts of land for which the water supply is insufficient, and attempts have been made to 
increase this by small reservoirs among the mountains. The facilities for the construction of these are unusually 
good, fi'om tlie fact that there are a number of small lakes and depressions of glacial origin whose outlets can 
readily be closed. It is estimated that the water can be stored at an expense of 810 per acre of land irrigated. 
Besides the use of reservoirs, the attempt has been made to increase the amount of water available by cutting a 
ditch and tunnel across the divide and bringing the head waters of Strawberry creek, a branch of the Duchesne, 
over to the Provo side. In this way the demand for water, which is most strongly felt in July and August, can be 
in part supi>lied. 

AVashington county is in the southwestern corner of Utah, and includes the greater part of the drainage 
ba«in of the Virgin river. The agricultural lands are at an elevation of from 2,500 to 3,000 feet or more, and are 
mainly along narrow valleys between lofty mountain ranges. The Virgin river on the east drains a part of the 
high plateau of southern Utah, and thus flows in deep, narrow canyons, while its tributaries on the west receive 
water from steep mountains, which are almost entirely free from forests. The river is thus subject to violent floods 
whenever a heavy storm occurs, and at these times carries large quantities of sand and debris, cutting the banks 
and washing away or obliterating the irrigating ditches. 

The climate of the valleys is very warm, the growing season being sufficiently long and hot to insure the 
success of cotton and semitropical fruits. The area of good land, however, is comparatively limited, and the 
unregulated water supply barely sufficient for the present area under cultivation. The irrigators, however, 
believe that water storage in side canyons and depressions not on the line of the streams can be successfully 
acoomx^lished and larger areas thus brought under cultivation. On a(^count of the erratic cbaractei* of the streams 
the expense of maintaining the ditches and diverting water into them has been very great. The head works are 
frequently washed away, and several ditch owners state that they scarcely ever take water into their ditches at 
the same place two years in succession. As in the case of the other counties in the Colorado basin, the streams 
occasionally wash out their channels to a depth of many feet, necessitating the construction of long lines of canal 
to bring the water upon the land again. Stock raising and the cultivation of the soil are the principal industries, 
mining and milling of gold ores having diminished in importance. 

Webkr county, in the northern part of the territory, includes some of the most ejisily watered lands in Utah, 
the sui)ply coming mainly from the Weber and its principal tributary, Ogden river, both issuing from deep 



Taiilk «. -discharge of AMERICAN FORK AT BRIDGE IN CANYON. UTAH. 

(Draioage area, 66 8<]uare miles.) 



MONTHS. 



DI.^rHABOE IN 8F.rOXI>-FBKT. 



Maxi- 
iiniin. 



1889. 

Aiij^iHt 06 

SeptemlKT 48 

October 06 

N'ovembor 30 

I 

December 108 



1889. 

ScpteinlMT 70 

OctolHT 7n 

NoveinlH?r To 

Decern ber 70 

1890. 

Januar; 'j.'jo 

February 9.'» 

March 3.W 

April 770 



Mini- 
mum. 



10 
20 
6 
30 
30 



45 
50 
45 
50 

50 

50 

50 

150 



Mean. 



ItUN-OFK. 



Total for ; 

at n le* t. ^^^^,Y^^f^^ 



Sf'coud 

feet |»er 

square 

mile. 



D18CHAROB IN SBCONDPEBT. 



Mean. 



BtTN-OFF. 



38 
30 
33 
30 
C7 



2, 337 
1.785 
2. 020 
1,785 
4. 120 



0.06 ' 
0.51 I 
0.58 . 

I 

0.51 
1.17 




i Total for 

mouth in 

liacro-feet 



Per aunum . . . 



885 



EntimattMl. 

TAIU.K ;j. DISCHARGE OF SPANISH FORK IN "CANYON. I'TAH 

(Drainage an>a, 070 H(|iiare mile8 ) 



r.o 

62 
53 
67 

68 

70 

143 

387 



2. 07.") 
3,813 
3,153 
4. 120 

4. 182 

4. 218 

»<. 794 

23, 02<J 



0.08 
0.11 
0.09 
0. !2 

0. 12 
0. 12 
0. 2J 
0.04 



0.07 
0.09 
0.08 
0. 10 

0. 10 
0.11 
0. 21 
0.58 



. 1890. 

I May 1.040 

j June [ 355 

I July ' rm 

Auj;,MiHt I 82 

September • 95 

October. 95 

November 50 

December 1 to 13 . 50 

Per annum 1.040 



I 



355 

110 

82 

5(> 

50 

50 
50 

r*o 



7T7 
205 
114 
64 
03 
64 
50 
50 

172 



Depth in 
inches. 



Second - 

feet per 

square 

mile. 



62 


.3. 813 


1.08 


0.94 


72 


3,996 


1.13 


1.09 


117 


7,196 


2.04 


1.77 


'380 


22,610 


6.43 


6.76 


666 


40.990 


11.02 


10.11 


208 


12.360 


3.51 


3.16 


'45 


2.765 


0.78 


0.68 


146 


105, 785 


30.02 


2. 21 



47,785 
12. 197 
7,011 
3,837 
3. 748 
3, 9:t6 
2. 975 
3,075 



124, 784 



1.34 
0.34 
0.20 
0. II 
0.10 
0.11 
0. (>8 
0.09 

3.50 



1.15 
31 
0.17 
0.10 
0.09 
0.10 
0.07 
0.07 

0.26 
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canyons in the Wasatch range and uiiitiiiff shortly after. The principal agricnltural land is adjacent to these 
rivers, between the foot of the Wasatch mountains and Great Salt lake. In addition to this there is a large open 
valley on the head waters of Ogden river, being thus on the east side of the range. The quantity of water from 
these rivers, although large, has not proved to be suflBcient for all of the land under cultivation. In the latter 
part of June need of more water is felt and in July and August there is Often loss of crop. A number of large 
canals have been built from one or the other of the rivers, but most of these large systems have rights secondary 
to those of smaller claimants, and it thus has happened that, as in 1889, injunctions were obtainetl restraining one 
or more of these large canals from taking any water from the river. This has resulted in great loss to the farming 
communities not only by the injury to crops and trees but also in legal expenses. The amount of water flowing 
in these two rivers has been computed from measurements made by the United States Geological Survey, {a) 



a The gauging station of the Ogdeii rivrir wan in the canyon near the powder mills above the city of Ogd<-n and gave the t^jtal discharge of the stream. The 
results an^ Hhown in the following table: 

DISCHARGE OF OGDEN KIVER AT POWDER MILLS. I'TAU. 

(Drainage area, 360 square miles.) 



I 



DISCHAKGB IN 8RCONDFBET. 



MONTHS. 



Maxi- 
mum. 



Mini- 
mum. 



Mean. 



1889. 
Angnst 9 to 31 
September — 

October 

November 

December 

1890. 

January 

February 

March 

April 



60 

70 

145 

253 

735 

510 
I.3&1 
1,401 
1,919 



40 
50 
70 
60 
145 

•J89 

399 

362 

1,068 



50 

52 

89 

105 

421 



:W2 

680 

978 

1,449 



RUN-OKF. 



DLSCHARUK IX SECOND FEET. 



Total for 

month in 

1 acre- feet. 



Depth in 
inches. 



I 



3.075 
3,094 
5, 473 
6,247 
25. 891 



23,493 
37. 740 
60,147 
86.215 



0.16 
0.16 
0.28 
0.33 
1.35 

L22 
1.97 
3.13 
4.49 



Second- 
feet per 
square 
mile. 



0.14 
0.14 
0.24 
0.29 
1.17 

1.06 
1.89 
2.72 
4.02 



MONTHS. 



1890. 

May 

June 

July 

A ugust . . . . 
September. 

October 

November . 
Doccmber.. 



Maxi 
mum. 



Mini 
mom- 



Mean. 



I Total for 
I month in 
I acre-feet. 



KUNOFF. 



Depth ill 
inches. 



Second- 
feet per 
square 
mile. 



2, 178 I 
1, 433 I 
624 ' 
473 ' 
235 
320 
267 



1,475 
624 
326 
215 
195 
215 
235 



Per annum 



2.178 



195 



1.818 
910 
458 
312 
206 
2C5 
2.'»5 
*240 

063 



111.807 
54, 145 ' 
28, 107 \ 
19, 188 
12,257 
16,297 
15,172 
14,703. 

479. .588 



5.82 
2.82 
1.47 
1.00 
0.64 
0.85 
0.79 
0.77 



24. 9 < 



5.05 

L27 
0.86 
0.57 
0.74 
0.71 
0.67 

L84 



Esttniatcil. 



The gauging station on Weber river wa.s above the railroad statitm of Uinta, about 10 miloM southejtsierly from Ogden. 
shown in the foUovring table: 

DISCHARCE OF WEBER RIVER IN CANYON ABOVE TINTA. UTAH. 

(Drainage area. 1,600 square miles.) 



The Insults of the measurements are 



DISCHAR(SE IX KECOND-FSET. 



MONTHS. 



Maxi- 
mum. 



1889. 

October 13 to 31. 

November 

December 



1890. 

January 

February . . . 

March 

April 

May 

June 

July 

August 

September . . 

October 

November . . 
Deceml»er . . 



290 
290 
815 

815 
1,400 
2,130 
4.280 



Ter annum 
1891. 



January . 
February 
March — 
April.... 
May 



Mini- 
mum. 



Mean. 



130 
160 
200 

290 
200 
200 
970 



181 
208 
430 

457 

547 

1,091 

2,184 



5.465 


3,470 


4.528 


3,635 


1,220 


2.017 


1,220 


290 


549 


450 


200 


280 


290 


2,400 


265 


450 


200 


331 


340 


290 


298 


340 


240 


290 


5,465 


200 


1.070 




~ ■" 


— 


450 


290 


303 


1.220 


290 


461 


1,220 


450 


625 


2.420 


520 


1,502 


4.655 


1.940 


2,752 



Total for 
month in 
acre-feet. 



11. 131 
12. 376 
26,445 

28, 105 

30,358 

67,096 

129,948 

278. 472 

120,011 

33,763 

17,220 

15. 767 

20.356 

17. 731 

17,835 

776,662 



18,634 , 
25,586 
38,437 '. 
89,369 
169, 250 



BUK-OFF. 



Second - 
Depth in [ feet per 
inches. : square 
nillo. 



0.13 
0.14 
0.31 

0.33 
0.36 
0.79 
L52 
3.26 
1.41 
0.40 
0.20 
0.18 
0.22 
0.21 
0.21 

9.09 



0.23 
0.30 
0.45 
1.05 
1.98 



MONTH.S. 



0.11 
0.12 
0.27 

0.29 
0.34 
0.68 
1.36 
2.83 
L27 
0.34 
0.18 
0.17 
0.21 
0.19 
0.18 



1891. 

June , 

July 

AugUHt 

Scptcmljcr 
Octobt»r — 
November 
DecemlKjr. 



0.67 



0.19 
0.29 
0.39 
0.94 
1.72 



1892. 
Junuury ... 
February . . 

March 

April 

May 

Juno 

July 

August 

Septcmljor". 
October — 
Novcnil>er . 
December.. 



Per annum 



DISCHAROE IN SECOND FBET. 



Maxi 
mum. 



2.225 
1,205 
520 
520 
065 
66.) 
665 



Per annum 4,655 



890 

890 

1,220 

1.220 

5,755 

4,530 

2,035 

160 

200 1 

290 ; 

450 ' 
890 ^ 



Mini- 
mum. 



Mean. 



5,755 



1, 135 
.'{95 
240 
290 
520 
520 
520 

240 



520 
520 
590 
450 
590 
2,035 
160 
100 
160 
200 
290 
395 

100 



1.021 
844 
338 
402 
599 
573 
534 



880 



599 
695 
800 
900 
2,705 
2,867 
819 
239 
187 
240 
357 
476 



BUK-OFF. 



Total for 
month in 
acre-feet. 



Depth in 
inches. 



638,109 



36,838 
99,902 
49,200 
53,550 
166,357 
170.586 
50.308 
14,608 
11,120 
14,760 
21.241 
29,274 



907 ' 657,960 



96,449 


; 1.13 


51,906 


0.61 


20.787 


0.24 


23.919 


0.28 


36,838 


0.43 

1 


34,093 


; 0.40 


32.841 


0.39 



Second- 
feet per 
square 
mile. 



LOl 
0.53 
0.21 
0.25 
0.38 
0.36 
0.33 



r.49 



0.43 
0.47 
0.58 
0.63 
1.95 
2.00 
0.59 
0.17 
0.13 
0.17 
0.25 
0.34 

7.71 



0.55 



0.37 
0.43 
0.50 
0.56 

Le9 

L79 
0.51 
0.15 
0.12 
0.15 
0.22 
0.30 

0.57 
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ITHIRTEKN KASTKRX COUNTIES ONLY.] 



Total popiihition (average per scpiare mile 3.56) 116, 889 

Number of farms (9.15 per cent of population) 10,692 

Number of irrigators (9.78 per rent of farm owners, 0.89 per cent of population) 1, 046 

Area (32,842 square miles) acres . . 21, 018, 880 

Area irrigated in census year do. . . 48, 799 

Area of all farms, 49.90 per cent improved do. . . 2, 921, 759 

Cereals raised in census year, including 1,449 acrea in rye do. . . 460, 082 

Barley, average production, 24.51 bushels per aero do. . . 50, 871 

Com, average production, 16.32 bushels per acre do. . . 9, 320 

Oats, average production. 24.94 bushels per acre do. . . 38, 541 

Wheat, average pro<luction, 17.04 bushels per acre do 369,901 

Alfalfa do... 2,924 

Total value of all farms, iucluding land, fences, and buildings $44, 016, 920 

Estimated total value of the farms irrigated in whole or in part $2, 440, 000 

Estimated value of all farm productions (sold, consumed, or on hand) for 1889 $8, 386, 100 

Estimated value of productions, as above, from farms irrigated in whole or in part $834,000 

Average size of inigated farms acres. . 47 

Average size of irrigated farms of 160 acres and upward do. . - 324 

Per cent of acreage of irrigated farms of 160 acres and upward to total acreage irrigated 34. 54 

Average size of irrigated farms under h>0 acres acres. . 32 

Average first cost of water right per acre $4. 03 

Average annual cost of water per acre , $0. 75 

Average first cost per acre of preparation for cultivation $10. 27 

Average value of irrigated land, including buildings, etc., in June, 1890, per acre $60.00 

Average annual value of products per acre in 1889 $17.09 

Ah iu the case of Oregon, the eastern counties of the state in which irrigation is practiced are grouped togetlier 
and used under the name of the state in making the comparisons of the condition of irrigation in the census 
year. In number of irrigators this state stood at the foot of the list, having a few less than the territory of 
Aris^na, and also hiid the smallest acreage of the 11 states and territories described. In value of lands irrigated 
the state occupied an intermediate ])osition, while iu average value of products it stood high, as should follow 
from the relatively small average size of irrigated farms. A considerable portion of the land was devoted to fruit 
culture, and as a whole irrigation, being in its experimental stages, was conducted with perhaps more care than 
in the adjoining states. The proportion of land owned by irrigators which was actually watered was small, only 
17 i>er cent, so that the acreage cultivated in this manner could be greatly increased without adding to the number 
of persons using water. The first and annual cost for water was exceedingly small, in this respect the state coming 
next to Wyoming. 

(JKNERAL 1)ES(^R1PT1(»'. 

The state of Washington, at least in its southern half, is similar to Oregon in climate and topography. The 
most cons])icuous feature of surface relief is the Cascade range, which trends in a direction a little east of north 
across the state and at a distance of from 120 to 150 miles from the ocean. This range divides the state into two 
great parts, differing iu clinuite and agricultural capabilities. On the western side of the range the annual 
precipitation is heavy and a dense forest covers the mountains and smaller hills, while east of the mountains the 
rainfall is much less and vegetation is comparatively scanty. 

The great plains of the Columbia form the most striking topographic feature. These extend from the foothills 

of the ('ascade range eastward to the mountains of Idaho, and from the mountainous or broken region below the 

border of Biitish Columbia southward across the state. The Columbia river coming from the British possessions 

flows in a direction a little west of south until it has fairly entered the plain or plateau region, where it is diverted 

sharply toward the west, and with many meamlerings it flows for some distance in the latter direction, then bends 

toward the south and southeast, describing roughly a lialf circle around the greater part of these high plaips. 

Throughcmt this distance the river has cut for itself a deep gorge, in which it flows from 1,0<K) to 2,000 feet below 

the general level. 
•>3« 
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These plains owe their existence, in part at least, to extensive sheets of lava, which in former times flowed out 
over portions of southern Idaho, eastern Oregon, and Washington, tilling pre-existing valleys and burying the 
older sedimentary beds. These sheets of basaltic rocks now stretch from the Cascade range away to. the eastward 
and southeastward to the limiting mountain ranges which lie to the west of the Rockies. The surface features 
to a large extent have been modified by deformation and erosion of the rocks, and also by the sedimentation in 
lakes of comparatively recent geologic time, some of which lakes have been of large area. In many places the 
basaltic rocks are deeply carved by former drainage channels known as " coulees," having steep, almost vertical 
walls of several hundred feet in depth. The bottoms of these coulees, however, are fai* above the level of the 
Columbia, to which stream their relation is not yet evident. Much of the drainage on the surface of tM plains 
is of the lost river type; that is to say, the streams flow into some small lake or swamp from which the water is 
lost by evaporation or disappears by percolation or by channels through or between layers of the basaltic rocks. 

The water supply of the plains of the Columbia is exceedingly small. In the river itself there is an amount 
sufficient for all the needs of irrigation should it be possible or desirable to introduce it, but unfortunately the 
river is hundreds of feet below the level of the arable land and its waters can be taken out only upon a very narrow 
strip of sandy bottoms. The estimated summer discharge of the river at a point above its junction with the Snake 
is a little under 60,000 second-feet, carrying at least twelve times as much water as the Missouri river in Montana. 
Fortunately crops can be raised without irrigation nearly every year over a great part of these plains. Wheat is 
the staple crop, and when planted in the fall with the ground properly cultivated it yields heavily, the rains of 
winter and spring furnishing suflicient moisture to bring it to maturity. Wherever there is an available water 
supply, however^ the farmers have begun to make use of it for irrigation in a small way, especially for watering 
such plants as are injured by the long summer droughts. Vegetables, fruit and shade trees, and the hay crops 
are thus irrigated wherever possible, and although the farmer can be successful by dependence upon the rainfall, 
yet it is slowly being recognized that tlie greatest prosperity can come only by a thorough employment of the 
available waters of 1 he region. 

The greater part of the irrigation of Washington is being done on the eastern edge of the Columbia plains or 
well within the foothills of the Cascade range in Kittitas and Yakima counties. Here the rainfall is probably less 
than it is farther to the east on the plains, but, on the other hand, the water supply is large and conveniently 
located. In short, there is no other portion of Washington which enjoys such facilities for the bringing out of 
water upon large bodies of fertile land. The rivers have not cut their channels into the late sedimentary deposits 
to a depth so great as to render it a matter of difficulty to divert water, and coming from high mountains they 
carry during, the summer comparatively large amounts of water, thus rendering possible the construction of canals 
covering hundreds or thousands of acres of fertile land. 

WATER SUPPLY AND PRECIPITATION. 

Besides the rivers which flow from the eastern slopes of the Cascade range into the Columbia, the other 
streams important in irrigation are those flowing from the Blue mountains in the northeastern corner of Oregon, 
the principal of these forming the Wallawalla river. Noii:herly from this system of drainage and on the other 
side of the Snake are rivers and creeks flowing from the mountains of Idaho in a general westerly course and 
uniting in the Palouse or the Spokane river. These waters are comparatively little used, partly on account of the 
character of the topography, but mainly from the fact that irrigation is not considered essential. The floods in all 
these rivers occur early in the season, the rivers draining the lower foothills having their maximum discharge in 
March or April, while those from the more elevated mountains reaiih their highest point in May or June. 

The Colum])ia river, as shown by the diagram of river heights published in the annual report of the chief of 
engineers. United States army, for 1880, page 2551, as a rule increases gradually in discharge through February, 
March, April, and May reaching its maximum in June. It then declines rapidly through July, August, September, 
and October, reaching its minimum in November or December. It is probable that the floods in the main river 
occur later in the season than those in the smaller tributaries from which water is taken for irrigation. 

The average amount discharged by the Columbia river has not been ascertained, although a few measurements, 
mainly at low water, have been made. At Vancouver, Just above the mouth of the Willamette, the low water 
(lis<»harge, as estimated by Major Thomas H. Hanbury, corps of engineers, was approximately 77,(KX) second-feet, 
while at a point above the Snake, as previously stated, the probable summer discharge has been placed at 60,(KK) 
second-feet. In comparison with this may be (juoted tlie low water discharge of the Willamette, 15,000 second feet, 
the highest known flood of this latter stream, that of February, 1890, reaching probably 400,000 second feet. 

There are comparatively few stations east of the (-ascade range at which the rainfall has been measured for a 
number of years. At Pleasant Grove and Kllensburg, in Kittitas county, the results of measurements continued 
a little over 2 years, as shown by the records of tlie signal office, give an annual precipitation of a trifle less than 
10 inches, and at Fort Simcoe, in Yakima county, about 50 miles southerly from Ellensburg, the rainfall for 2 years 
averaged lO.G inches. At Kennewick, near the mouth of the Yakima river, the mean rainfall for 3 years was 6.6 
inches, and about 25 miles south of this point, at Umatilla, Oregon, the mean rainfall for 5 years was 9.8 inches. 
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Total po[>ul>itioii (average p«T stpiare mile 3.56) 116, 889 

Number of farms (9.15 per cent of population ) 10, 692 

Number of irrigators (9.78 per <'ent of farm owners, 0.89 per cent of popnlation) 1, 046 

Area (32,842 square miles) acres. . 21, 018, 880 

Area irrigated in census year do. . . 48, 799 

Area of all farms, 49.90 per cent improved do. . . 2, 921, 759 

Cereals raised in census year, including 1,449 acrcH in rye do . . . 460, 082 

Barley, average production, 24.51 bushels per acre do. . . 50, 871 

Com, average production, 16.32 bushels per acre do. . . 9, 320 

Oats, average production, 24.94 bushels per acre do. . . 38, 541 

Wheat, average pro<luction, 17.04 bushels per acre - do. . . 359, 901 

Alfalfa do... 2,924 

Total value of all farms, including land, fences, and buildings $44, 016, 920 

Estimated total value of the fanuH irrigated in whole or in part $2, 440, 000 

Estimated value of all farm productitms (sold, consumed, or on hand) for 1889 $8, 386, 100 

Estimat^kl value of productions, as above, from farms irrigated in whole or in part $834, 000 

Average size of in-igated farms acres. . 47 

Average size of irrigated farms of 160 acres and upward do. . . 324 

Per cent of acreage of irrigated farms of 160 acres and upward to total acreage irrigated 34. 54 

Average size of irrigated farms under IGO acres acres.. 32 

Average first cost of water right per acre $i.G8 

Average annual cost of water per acre , $0. 75 

Average first cost per acre of preparation for cultivation $10. 27 

Average value of irrigated land, including buildings, et<-., in June, 1890, per acre $50.00 

Average annual value of productH per acre in 1889 $17.09 

As ill tVie case of Oregon, the eastern counties of the state in which irrigation is practiced are grouped together 
and used under the name of the state in making the comparisons of the condition of irrigation in the census 
year. In number of irrigators this state stood at the foot of the list, having a few less than the territory of 
Arizona, and also hsid the smallest a<;reage of the 11 states and territories described. In value of lands irrigated 
the state occupied an intermediate i>osition, while in average value of products it stood high, as should follow 
from the relatively small average size of irrigated farms. A (considerable portion of the land was devoted to fruit 
culture, and as a whole irrigation, being in its experimental stages, was conducted with perhaps more care than 
in the adjoining states. The proportion of land owned by irrigators which was actually watered was small, only 
17 {>er cent, so that the acreage cultivated in this manner could be greatly increased without adding to the number 
of persons using water. The first and annual cost for water was exceedingly small, in this respect the state coming 
next to Wyoming. 

(fKNERAL DESC^RIPTION. 

The state of Washington, at least in its southern half, is similar to Oregon in climate and topography. The 
most con8i)icuous feature of surface relief is the Cascade range, whicrh trends in a direction a little east of north 
across the state and at a distan(»e of from 120 to 150 miles from the ocean. This range divides the state into two 
great parts, differing in climate and agri<mltural capabilities. On the w^estern side of the range the annual 
precipitation is heavy and a dense forest covers the mountains and smaller hills, while east of the mountains the 
rainfall is much less and vegetation is comparatively scanty. 

The great plains of the Columbia form the most striking toimgraphic feature. These extend from the foothills 
of the Cascade range eastward to the mountains of Idaho, and from the mountainous or broken region below the 
border of British Columbia southward across the state. The Columbia river coming from the British possessions 
tiows in «i direction a little west of south until it has fairly entered the jdain or ])lateau region, where it is diverted 
sharply toward the west, and with many meanderings it flows for some distance in the latter direction, then bends 
toward the south and southeast, describing roughly a half circle around the greater part of these high plaips. 
Througlumt this distance the river has cut for itself a deej) gorge, in which it flows from 1,000 to 2,000 feet below 
the general level. 
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These plains owe their existence, in part at least, to extensive sheets of lava, which in former times flowed out 
over portions of southern Idaho, eastern Oregon, and Washington, tilling pre-existing valleys and burying the 
older sedimentary beds. These sheets of basaltic rocks now stretch from the Cascade range away to. the eastward 
and southeastward to the limiting mountain ranges which lie to the west of the Rockies, The surface features 
to a large extent have been modified by deformation and erosion of the rocks, and also by the sedimentation in 
lakes of comparatively recent geologic time, some of which lakes have been of large area. In many places the 
basaltic rocks are deeply carved by former drainage channels known as " coulees," having steep, almost vertical 
walls of several hundred feet in depth. The bottoms of these coulees, however, are far above the level of the 
Columbia, to which stream their relation is not yet evident. Much of the drainage on the surface of thd plains 
is of the lost river tyx>e; that is to say, the streams flow into some small lake or swamp from which the water is 
lost by evaporation or disappears by percolation or by channels through or between layers of the basaltic rocks. 

The water supply of the plains of the Columbia is exceedingly small. In the river itself there is an amount 
sufficient for all the needs of irrigation should it be possible or desirable to introduce it, but unfortunately the 
river is hundreds of feet below the level of the arable land and its waters can be taken out only upon a very narrow 
strip of sandy bottoms. The estimated summer discharge of the river at a point above its junction with the Snake 
is a little under 60,000 second-feet, carrying at least twelve times as much water as the Missouri river in Montana. 
Fortunately crops can be raised without irrigation nearly every year over a great part of these plains. Wheat is 
the staple crop, and when planted in the fall with the ground properly cultivated it yields heavily, the rains of 
winter and spring furnishing suflicient moisture to bring it to maturity. Wherever there is an available water 
supply, however; the farmers have begun to make use of it for irrigation in a small way, especially for watering 
such plants as are injured by the long summer droughts. Vegetables, fruit and shade trees, and the hay crops 
are thus irrigated wherever possible, and although the farmer can be successful by dependence upon the rainfall, 
yet it is slowly being recognized that the greatest prosperity can come only by a thorough employment of the 
available waters of the region. 

The greater part of the irrigation of Washington is being done on the eastern edge of the Columbia plains or 
well within the foothiUs of the Cascade range in Kittitas and Yakima counties. Here the rainfall is probably less 
than it is farther to the east on the plains, but, on the other hand, the water supply is large and conveniently 
located. In short, there is no other i)<)rtion of Washington which enjoys such facilities for the bringing out of 
water upon large bodies of fertile land. The rivers have not cut their channels into the late sedimentary deposits 
to a depth so great as to render it a matter of difficulty to divert water, and coming from high mountains they 
carry during, the summer comparatively large amounts of water, thus rendering possible the construction of canals 
covering hundreds or thousands of acres of fertile land. 

WATER SUPPLY AND PRECIPITATION. 

Besides the rivers which flow from the ea*itern slopes of the Cascade range into the Columbia, the other 
streams important in irrigation are those flowing from the Blue mountains in the northeastern corner of Oregon, 
the principal of these forming the Wallawalla river. Northerly from this system of drainage and on the other 
side of the Snake are rivers and creeks flowing from the mountains of Idaho in a general westerly course and 
uniting in the Palouse or the Spokane river. These waters are comparatively little used, partly on account of the 
character of the topography, but mainly from the fact that irrigation is not considered essential. The floods in all 
these rivers occur early in the season, the rivers draining the lower foothills having their maximum discharge in 
March or April, while those from the more elevated mountains reach their highest point in May or June. 

The Columbia river, as shown by the diagram of river heights published in the annual report of the chief of 
engineers. United States army, for 1880, page 2551, as a rule increases gradually in discharge through February, 
March, April, and May reaching its maximum in June. It then declines rapidly through July, August, September, 
and October, reaching its minimum in November or December. It is probable that the floods in the main river 
occur later in the season than those in the smaller tributaries from which water is taken for irrigation. 

The average amount discharged by the Columbia river has not been ascertained, although a few measurements, 
mainly at low water, have been made. At Vancouver, just above the mouth of the Willamette, the low water 
(list»harge, as estimated by Major Thomas 11. Ranbury, corps of engineers, was approximately 77,(KX) second-feet, 
while at a point above the Snake, as previously stated, the probable summer discharge has been placed at 60,000 
second-feet. In comparison with this may be quoted the low water discharge of the Willamette, 15,000 second feet, 
the highest known flood of this latter stream, that of February, 181K), reaching probably 400,000 second feet. 

There are comparatively few stations east of the Cascade range at which the rainfall has been measured for a 
number of years. At Pleasant Grove and Kllensburg, in Kittitas county, the results of measurements continued 
a little over li years, as shown by the records of the signal office, give an annual precipitation of a trifle less than 
10 inches, and at Fort Simcoe, in Yakima county, about 50 miles southerly from Ellensburg, the rainfall for 2 years 
averaged 10.6 inches. At Kennewick, near the mouth of the Yakima river, the mean rainfall for 3 years was 6.6 
inches, and about 25 miles south of this point, at Umatilla, Oregon, the mean rainfall for 5 years was 9.8 inches. 
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Farthei: to the ea«t, at Wallawalla, on the river of the same name, the average rainfall for over 4 years was 16.2 
inches, and at the fort south of the city the mean for 15 years was 17.0 inches. The elevation of Wallawalla is 
given at 930 feet above sea level. 

Going easterly from the Columbia river toward the higher mountainous region of Idaho the amount of rainfall 
increases. For example, at Dayton, in Columbia county, where the elevation is approximately 1,600 feet, the 
average rainfall as obtained by 6 years' observation was 26.7 inches. At Pomeroy, in Garfield county, where the 
elevation is 1,900 feet, 2 years' observation of rainfall gave an average of 20.3 inches. At Colfax, in Whitman 
county, where the elevation is 1,974 feet, the average rainfall for 2 years was 26.1 inclies. 

This increase of rainfall from the plains region toward the mountains at the east is shown also in the case of 
the records at Fort Spokane and those at the city of Spokane. In the first instan(»e, that at the fort, which is near 
the junction of the Spokane and Columbia rivers, at an elevation of 1,600 feet, the average rainfall for 7 years was 
12.4 inches, while at Spokane, 50 miles farther east, and at an elevation of 1,910 feet, the mean annual rainfall for 
9 years was 19.1 inches. Farther to the north, at Fort Colville, in Stevens county, the rainfall for 18 years 
averaged 17.2 inches. In comparison with the precipitation in eastern Washington may be noted that on the coast, 
where at one point the average has been upward of 110 inches per annum, the maximum being over 130 inches. 

The distribution of precipitation by months has been obtained by compiling the records of the signal office 
relating to the principal rainfall stations of eastern Washington. The greatest amount of rain usually falls in 
January and the least in August, the amount increasing rapidly through the fall. Taking the mean of all the 
stations of eastern Washington at which observations have been continued for several years, it appears that in 
January there fell 16.0 per cent of the total precipitation of the year; in February, 13.0 per cent; in March, 7.4; 
April, 7.0; May, 7.0; June, 6.3; July, 3.7; August, 2.0; September, 5.0; October, 8.3; November, 9.3, and in 
December, 15.0 per cent. In December, January, and February 44.0 i)er cent of the total annual rainfall fell, while 
in July, August, and September only 10.7 i)er cent was precipitated. 

Comparing the discharge of the rivers with the precipitation a^i regards distribution through the year, it is 
apparent that while the quantity of rain steadily diminishes from January until August the amount of water 
available, on the contrary, rapidly increases to M«ay or June, and then falls oft*, the minimum river flow occurring 
a month or more after the time of least precipitation, both of these increasing toward winter. 

The climate of the state has been discussed in publications prepai-ed under the direction of the chief signal 
officer, one of these written in 1885 by Lieutenant Frank Green being a report on the interior wheat lands of Oregon 
and Washington. A second report by General A. W. Greely, on the climate of Oregon and Washington territory, 
printed in 1889, gives tables and diagrams illustrating the precipitation and temperature. Mention should also be 
made of the report by Lieutenant Thomas W. Symons of an examination of the upper Columbia river and the 
territory in its vicinity in September and October, 1881, and published in 1882. Briefly stated, it may be said that 
the climate of Washington is mild, the fluctuations of temperature being within relatively narrow limits. The 
winters are short and seldom severe exi'.ept in the Big Bend country. The chief drawbacks are the long dry summer 
and the prevalence of winds, especially throughout the level country. 

IRRIGATION DEVELOPMENT. 

From what has already been stated it will be apparent that the relation of irrigation to agriculture in 
Washington is determined largely by convenience and the question of expense; that is to say, in eastern 
Washington agriculture is fairly successful in nearly every county without the artificial application of water, but 
wherever water can be obtained at moderate expense irrigation has been introduced, and the results obtained by 
this method of agriculture have demonstrated its value. On the other hand, w^here water can not be obtained the 
farmers claim that irrigation is unnecessary and seem to be content with the ordinary methods of farming, 
although it is apparent that many crops can not survive the scanty rainfall of summer combined with the eft'ect of 
the almost ceaseless winds. 

In most counties irrigation is still in the experimental stage, being used to tide over an occasional drought, 
and even in western W^ashington flooding of the lands is occasionally resorted to in order to increase the forage 
crops. For example, in Cowlitz and Skamania counties some of the smaller streams have been dammed in order 
to create artificial marshes, and even in (3hehalis county the yield has been doubled by summer irrigation. One 
fact tending to retard the development of irrigation is the low selling value of cereals, together with the high rates 
of transportation. It obviously will not pay to irrigate lands to raise wheat when the fanners who are producing 
it in large quantities without irrigation can barely live. 

There is a common saying among the inhabitants of eastern Washingt<m that the bunch grass land, that is, 
the areas on which the rich, nutritious bunch grass grows, does not require irrigation. Wherever this flourishes 
wheat can be raised by proper cultivation. The bunch grass, which has the valuable property of self-curing or 
becoming a natural hay during the droughts of summer, is one of the most valuable of forage plants, and is so 
highly regarded that its name has become a synonym for anything valuable or prosperous. On the contrary, the 
lands on which the sagebrush grows, although having a rich soil, are too dry for cultivation without watering; 
and sagebrush land without water snpi)ly conveys ideas of worthlessness and poverty. 
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The methods of irrigation do not differ materially from those used elsewhere, the general practice being to 
flood the lands on which hay or cereals are raised, or to conduct the water through small furrows between rows of 
vegetables, corn, or other plants. Occasionally more systematic measures are used, as, for iexample, having the 
ground leveled and provided with low ridges of earth or checks by which the water is retained at a uniform depth 
over the inclosed area. The size of the space within the checks is regulated by the slope of the land, the more 
nearly level the larger the space. In one case the checks inclosed upwai*d of 5 acres, and an irrigating stream was 
used suflBciently large to cover this ground in 2.5 hours. When one area is full, the water, unless the ground is 
very dry, is drawn off into the next area inclosed by checks, other water being run in at the same time by means 
of the small lateral ditches. 

ARTESIAN WELLS. 

Small artesian areas have been discovered near the eastern side of the plateau region, and also toward the 
western edge, not far from the foot of the Cascade mountains. Those on the east are at Pullman, in Whitman 
county, and near Latah, in Spokane county. At Pullman there are reported to be 8 wells from 70 to 180 feet in 
depth, 3 to 5 inches in diameter, and discharging on an average about 100 gallons per minute. The weUs were 
put down for tow^n supply, and none of the water ha« been used for irrigation, since there is usually an abundant 
rainfall. About 10 miles east of this locality are the flowing wells at Moscow, in Latah county, Idaho. In the 
Moxee valley, in Yakima county, two flowing wells are reported. Southeasterly from this point, near Pasco, in 
Franklin county, a well has been drilled to the depth of 527 feet without success. Attempts have been made in 
various parts of the state to obtain flowing water, but so far as can be ascertained they have been failures. At 
Tacoma the deep wells, although obtaining an ample supply of water, do not flow. 

A geological reconnaissance by Israel C. Eussell, of the United States Geological Survey, for the purpose of 
obtaining information as to the probable extent of artesian conditions in the counties of Yakima, Kittitas, and 
Douglas, confirmed the view that the geological structure of those counties is in general unfavorable to the hope of 
obtaining artesian waters. As described by him and by other writers, this country, together with the rest of 
central Washington, is underlaid by a thick sheet of lava, composed of many layers, above, which are heavy 
deposits of clay, sand, and volcanic dust. These two great formations were originally horizontal, but now are 
broken by many lines of fracture, blocks being tilted in various directions, their edges forming mountain ranges. 
Tlius it is evident that there can not be a broad artesian basin extending from the Cascade to the Kocky 
mountains. 

In a very few localities the strata have been upturned in such a manner as to form small basins, but even 
these have sometimes been broken or cut by drainage channels, destroying what might otherwise have been 
conditions favorable for snmll artesian wells. The most notable case where the artesian chara<*ter is found is in 
the Moxee valley, where successful wells have already been obtained. In the eastern part of the Yakima Indian 
reservation also, as Mr. liussell points out, the facts seem to show that flowing water may be obtained. In the 
remainder of the region examined he does not consider that farther expense in drilling wells is warranted. 

CONDITION OF IRRIGATION IN EACU COUNTY. 
NUMBER OF IRRIGATORS, AREA IRRIGATED, FARMS, AND CROPS, IN EACH COITNTY IN WASHINGTON IN 1SS9. 
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Adams gountt is a little east of the center of WashiDgton, comprising a portion of the high plains or prairie 
partially sorroonded by the great bend of the Colambia. No irrigation has been practiced in this county on account 
of the difficulty of obtaining water. The soil is rich, and in spite of the summer droughts retains sufficient moisture 
to enable wheat, rye, oats, and barley to mature. It is reported, however, that corn is not always successful. 

The county has been settled but a few years, and the principal occupation is wheat raising. Difficulty is 
experienced in obtaining sufficient water for domestic purposes, and frequently it must be brought a distance of 
4 or 5 miles. Wells are sunk usually to a depth of from 100 to 200 feet, occasionally without success. It is 
probable that in future a small amount of irrigation will be introduced by the use of the water of the Palouse river, 
which flows along the southeastern corner of the county, or by the storing of some of the flood waters of early spring. 

Asotin county is in the southeastern corner of Washington, adjoining Wallowa county, Oregon, and 
separated frona Nez Perces county, Idaho, by the Snake river. It comprises a portion of the high plateau country 
between the Blue mountains and the deep gorges of that stream. The Grande Ronde river enters the southern 
part and flows easterly into the Snake, and to the north of this are a number of smaller streams flowing from the 
mountains in the same general direction. All these streams are bordered by precipitous walls, rising in places to 
a height of several hundred and even a thousand feet. 

The surface of the high divides between the streams is usually nearly level, and is covered by a rich soil, 
which, with an abundant rainfall, produces heavy crops. In 1885 there is reported to have been an uiuisual 
amount of precipitation. Large crops were raised and settlers flocked in. After that time there was a succession 
of years during which the rain apparently diminished in quantity. The crops were scanty, so much so that many 
of the settlers were compelled to seek homes elsewhere. In many localities the jiopulation in the census year is 
alleged to have been one-third less than it was 4 years before, and the production of wheat fell in one instance 
from 30 bushels per acre to about 12. The principal industry at present is stock raising, the cattle dei)ending 
almost entirely upon the native bunch grass, which is about the only forage plant adapted to the dry climate. * 

A little irrigation is practiced on the bottom lands bordering the Snake river and Asotin creek, water being 
brought to the small level areas by ditches from side streams wherever practicable. Great difficulty is exjierienced 
in taking water from the river, as the topography is such that ditches can not readily be built. In a few cases 
pumi)s have been tried, and 3 pulsometers have been in use. The cost of a pumping plant capable of delivering 
300 gallons per minute, or 0.66 of a second-foot, to a height of 60 feet is reported to be $1,000. The expense of 
operating this is $6 i>er day of 10 hours, this representing the cost of wood for fuel and the wages of one man. At 
the rate given a pump would deliver nearly one-half acre-foot of water per day, and thus an acre-foot would cost 
over $12. The water must evidently be used with very great care and ^ high duty obtained in order to make this 
profitable. 

Another method of raising water to the top of the steep banks along the Snake is by ^neans of waterwheels 
driven by the cuiTcnt. These are usually modifications of the ancient Egyptian noria, an undershot wat^rwheel 
carrying buckets upon its rim.- A new device lately introduced consists of a wheel mounted upon a boat or raft 
securely fastened to the bank. This carries a tower 60 feet in height, to the top of which extends an endless belt 
carrying elevator scoops. The current drives the water wheel, and this in turn causes the scoops to carry water 
to tlie top of the tower, where it i.s discharged into a pipe leading down the tower, out to the shore, and up the 
bank nearly to the level of the top of the tower, where the pipe empties into a ditch. 

Columbia county is in southeastern Washington, extending in a narrow strip from the Snake river 
southward over the summits of the Blue mountains to the Oregon line. It is similar in topography and climate to 
Asotin county, from which it is separated by the narrow area of Garfield county. As in the case of those localities, 
wheat and other cereals and fruits are raised on the high rolling plateaus or hill lands, at elevations of from 1,500 
to 3,000 feet. As a rule the higher grounds receive or retain more moisture than the lower, and crops are generally 
successful on them. In 1888, 1889, and 1890 the crops were lighter than usual, owing to the deficiency of rainfall. 

The streams rising in the Blue mountains flow for a short distance northerly and then unite to form the 
Touchet river, whose general direction for a time is west, parallel with the Snake. After entering Wallawalla 
county it turns southward and empties into Wallawalhi river, a tributary of the Snake. All these streams, like 
those of Asotin county, have, cut deep gorges, rivaling that in which the Snake river flows. In the bottoms of these 
gorges are narrow strips of land, the soil of whicli requires irrigation in order to support plant life during the 
summer. With plenty of moisture the yield of fruit, alfalfa, and grasses for forage is very large, and farmers have 
been induced to attempt irrigation wherever practicable. The ditches are small, serving merely to irrigate a few 
acres of the bottom lands along the stream. 

Douglas county is a trifle east of the center of Washington and comprises a large part of the area known 
as the Big Bend (country. It is bounded on the north, west, and partly on the south by the Columbia river, which, 
as before stated, describes roughly a great semicircle in this ])art of the state, cutting deeply into the high plain 
or plati*au formed by the lava sheets which cover eastern Oregon and Washington. The surface of the county 
as a whole falls gradually from north to south, and, is deeply cut by steep walled ravines, or coulees, as these are 
locally known. Of these Grand and Moses coulees are the most important, both traversing the northern half of 
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the county diagonally from northeast to southwest. The former begins on the Columbia near the east line of the 
county and continues for about 55 miles toward Badger mountains. The walls of this chasm are, according to the 
report of Lieutenant Symons, about 350 feet high, and are nearly perpendicular, being broken down in only one 
place about half way of its length. At some places the coulee rea<5lies a width of nearly 4 miles and in others 
becomes quite narrow. The nearly level bottom is about 1,000 feet above the Columbia river. The soil in many 
places is rich, but crops can not be produced without irrigation. 

Moses coulee is from 12 to 15 miles west of (Irand coulee and lies nearly parallel with it. Between the two is 
high land with rich soil, producing good crojis wherever cultivated. The difficulty of procuring water for stock 
and domestic purposes has, however, retarded the settlement of this area. West of Moses coulee and between it 
and Columbia river is another area of high laud, on which are most of the farms of the county. This is well 
adapted for agriculture in every respect save that of water supply. On these high grounds crops are less liable 
to be injured by frosts than on the lower lands, and there is probably a greater amount of moisture in the soil, so 
that wheat, oats, rye, and barley, and even some fruit trees, thrive and prodm^e abundantly. The early settlers 
tried the low lands first from the supposed better facilities for water, but soon discovered the greater natural 
advantages of the higher grounds, both in possessing more moisture and in freedom from alkali. In many cases, 
however, they are comi>elled to bring water for long distances for household use during the summer. All the 
higher lands are farmed without irrigation, but on the low lands, both along the Columbia river and in the coulees, 
owing to the intense heat of summer nothing can be raised unless watered. As yet the county is sparsely settled, 
few farmers having been there for more than 5 years, and the water facilities have been so poor that irrigation 
has made little progress. There are few creeks in the county, and these, like the Columbia river, tlow in deep 
gorges, so that their waters can be used only on the fringing bottom lands. 

The southern half of the county is lower and less fertile, having almost the character of a desert. Apparently 
the droughts are too severe for the cultivation of cereals, and the pasturage is comparatively poor. There are 
low lands along the Columbia near and below Priest Kapids, the river having left its canyons, 2,000 feet or more 
in depth, and the banks being so low water can possibly be taken out for irrigation. There is already a project 
on foot to construct a canal heading in the mouth of the canyon and bringing out water upon the low lands near 
Priest Kapids and in the extreme southern end of Douglas county, the canals possibly extending into Franklin 
county. Such projects will require the expenditure of great capital, and it is still questionable whether the profits 
will be sufficiently great to induce any i)ersons or corporations to undertake the work. Wherever these lands can 
be brought under irrigation, either by water from the river or from some spring or small stream, the yield of the 
various crops is enormous, and it has been found that all the grains and fruits reach a high degree of excellence. 
The county is described as largely a sagebrush desert of little present value and where water can not be had for 
irrigation In the vicinity of the thriving town of Water ville and along the border of Lincoln county the rainfall 
is usually sufficient for the production of a somewhat light crop of wheat. The rocks of the county are mainly 
basalt, having a thickness of about 2,000 feet. Beneath these lavas the rocks are much disturbed and deeply 
eroded, and the basin structure necessary to secure an artesian flow apparently does not exist. 

Franklin county is southeast of Douglas and scmth of Adams county, comprising that i)ortion of the high 
plain of the Columbia north of and near the junction with the Snake river. It is in most respects similar in 
topogra])hy to the rest of the country within the great bend of the Columbia. As in the whole of this area, the 
cereals where raised are ])roduced without irrigation, this latter method of agriculture being used only in the case 
of a few orchards on low ground. A project has been set on foot for irrigating some of the land along ihe 
Columbia by taking water from the Snake river a short distance above ics mouth and bringing it by ditch to the 
vicinity of Pasco. It will be necessary to raise the water from the Snake river by machinery, and so far as can 
be ascertained the success of such a project is not yet assured. 

(lARFiELD couNTV is iu southeavStcm Washington, south of the Snake river, and between Asotin and 
Columbia counties. It consists i>rincipally of a high, deeply eroded plateau, around which the Snake flows almost 
in a semicircle, thus bounding it on the east and north. Toward the south the county extends in a narrow strip 
from 6 to 10 miles wide over the crest of the Blue mountains to the state line of Oregon. A number of small 
streams issue from this mountaiaarea and flow outward to the Snake river. The principal of these are Alpowa, 
Deadman, Patalia, and Tokanim creeks, Civch of which flows in a deep gorge or canyon for the greater part of its 
course. 

On the higli and comparatively level lands wheat, rye, oats, and barley are raised successfully 3 or 4 years 

out of 5. Occasionally the drought proves too severe, and the farmers meet with losses and discouragements. 

Irrigation is carried on to a small extent on the narrow strips of land, from 100 to 300 feet wide, bordering the 

creeks just mentioned, and also on the small sandy bottoms or *'bars" in the gorge of the Snake river. The 

success of peaches, plums, pears, apricrots, grapes, and smjtU fruits in these localities is wonderful, as the insect 

enemies of orchards and vineyards have not yet penetrated these regions. Water is diverted to the orchards 

and gardens in these places by means of small ditches from spriiigs or from the stream itself. Along the Snake 

river a little water is raised to the sandy low lands by the use of pulsometers, thus irrigating a few valuable 

orchards. 

IGIK) IK 16 
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There is little probability that water can ever be brought out u|K)n the wheat lauds, as the streauis are from 
100 to 1,500 feet below the general level. The soil of these lauds usually retains moisture to a remarkable degree, 
and if there is a heavy fall of snow during the winter the farmers' success is assured. Water for domestic purposes 
is usually obtaine<l from wells from 10 to 50 feet in depth, although in some localities the farmers have found it 
ne<*essary to haul water for several miles. Irrigation is being practiced wherever water is accessible, and the 
Xiresent sux)ply is nearly all utilized. The largest of the creeks mentioned, and probably the only one having 
a surplus of water, is the Tokauon, the others, particularly Deadman an<l Pataha, discharging in summer, it is 
said, only sufficient to supply water for stcK'k and domestic pur])oses. 

Kittitas (H)UNTV is in the central part of Washington, east of the Cascade mountains, extending from the 
summits of that range in a general southeasterly direction to tjie Columbia river. It is bounded on the north by 
the Wenatchee river and on the scmth contains the head waters of the Vakima river, wliicli tiows southerly into 
Yakima county. Among the mountains at the head waters of these streams are numerous beautiful lakes several 
miles in length. These tend to e<|ualize the tlow of water in the streams and thus increase the summer discharge. 

The principal agricultural area within this county is in the Kittitas valley, near the center of which is the 
town of EUensburg. This valley is 10 miles or more in width and 18 miles long. It is bounded on the north and 
west by mountains containing <leposits of valuable minerals and covere<l with timber. Within the valley little, 
if anything, can be raised without irrigati(m, as the i>recipitation during the summer months is very small and 
the winds which prevail tend to promote rapid evaporation. As iwjint^d out by Mr. Russell, this valley is 
so situated in reference to the Vakima river and to the creeks coming from its niount^iin borders that nearly all of 
its lower land can be irrigated. There are excellent sites for storage reservoirs among the mountains and foothills, 
water to till which can be obtained from the numerous creeks. The valley is on the edge of the high, somewhat 
humid region along the foot of the (Jascade mountains, and on the uplands is a most excellent pasturage. To the 
east, however, the lands extending to the Columbia are more arid and the vegetation is scanty. 

Water for irrigation is taken from the Yakima river or from small tributaries of that stream. In the case of 
the river itself there is a supi)ly of water sufficient for all demands now made upon it. The smaller streams, 
however, do not furnish an abundance during the summer, but there is such scarcity that only a portion of the 
crops cultivated can be thoroughly irrigated, and it often becomes necessary to cut some of them for hay. Some 
of the farmers propose to increase the summer tlow of the creeks by the construction of reservoirs in the 
mountains to hold a portion at least of the flood waters which now run to waste before the beginning of the 
irrigating season. As a result of the deticiency of the water supply controversies regarding water rights have 
already arisen, and exi)en8ive litigation has been entered ui>on by many of the farmers, who can ill afford this 
drain upon their resources. The greater ])art of the eastern half of the county is composed of broken lands and 
sagebrush plains, on which crops caii rarely be raised without the artiticial a])plication of water. There is no 
visible means of supply for the greater part of this area, and it is difficult to obtain water even for domestic 
purposes. Near the junction of the Wenatchee with the Columbia a small amount of land is irrigated, principally 
by means of the waters of springs. It is i)robable that a portion at least of the lower part of the level lands here 
can be irrigated by water taken from the Wenatchee or the Pechastin, but the expense of constructing a ditch of 
the length re([uired is beyond the means of the present inhabitants. Near EUensburg two wells have been sunk 
to considerable depth in the hope of obtaining an artesian supply, but as yet without success. In the Kittitas 
valley the ordinary wells average about .'^0 feet in depth. 

There are many small ditches in this county and a few of large size. Among the smaller ditches may be 
mentioned First Creek ditch, taking water out of a stream tributary to Swank creek, which flows into the Yakima 
east of Teanaway river. This <litch is about 1 2 miles long and (> feet wide, and cost probably $0,000 in all. It is 
owned by two irrigators, who divide tlie water e(|ually. In 1889 about G(K) acres were irrigated, about 600 acres 
being in wheat and the remainder in oats and vegetables. Callaway ditch takes water from Wilson creek and 
carries it <mt in a southwesterly direction for about 8 miles. The average width is 5 feet. The ditch was constructed 
in 1877 by irrigators, who took atlvantage of an old channel of tlie stream which extends for a gi'eat part of this 
<listance. In 1881), 4(M) acres were irrigated. Watt ditch takes water out of Manastash <*reek, which flows into the 
Yakima from the west side, nearly west of EUensburg. The water is taken out upon the north side and carried a 
distance of miles. The ditcli is about 5 feet wide and cost probably $2,0(K). It is owned by private parties, who 
divide the water among themselves. The owners of this ditch, as is the case with many other irrigators, have been 
compelled to ent<M- upon suits at law for the protection of their claims to the water. Bull ditch tiikes water from 
the Yakima river near Kllensburg and carries it out on the east side. The length of this ditch is 7 miles, the width 
about 7 feet, and the cost was ^5,000. It is owned by farmers, who divide the water into tenths and distribute it 
according to the number of shares or tenths owiuhI by each. In 1880 about 1,000 a<*res of meadow land and 500 
acr<*s of grain were irrigated. In the case of grain the water is turned into plow furrows from 60 to 100 feet apart, 
but the meadows are generally flood<Ml, the flooding being reiieated from two to ftmr times each year. 

The princi])al ditches of the county are those taking water from the Yakima river and carrying it out uixui 
both sides in the vicinity of Kllensburg. The ditch on the east side of the river, owned by the EUensburg Water 
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Company, i^ 25 miles long, 12 feet wide, and eo«t, for the 17 miles completed in 181K), $45.(MK). The owner of a 
share in this corporation is tMititled to one-half miner's inch of water, this being considered sufficient to irrigate an 
acre. In 1889 alnmt 2,0(M) iwires were irrigated, the croi)s consisting of wheat, oats, barley, potatoes, and hay. 
The capacity of the <litch is reported to be 4S second-feet. The supply of water in tlie river is very large, but the 
dit<;h does not carry an amount sutticient for the demands made upon it. Above and north of this ditch is a large 
area of land which it is propose<l to irrigati» by the construction of a much larger canal, taking water from a point 
higher up the stream. Tlie Westside irrigating canal is about 14 nulcs long and averages about 12 feet wide. It 
is estimated to cost when complet^nl 8.'MMMM). At usnal stages of the ilver there is no necessity ot a dam for 
diverting the water. The corporation owning this ditcii is com])ost*d of irrigators who use its water. Work wa^i 
begun in June, 1889, and water was Hist used in ISIK). 

Klickitat county is in soutiiern Washington, lying in a narrow strip along the Columbia river from the 
Cascade mountains eastward n(»arly to the mouth of the Snake river. A great part of the crmnty, especially at the 
eastern end, consists of high plains similar to those on the opposite side of the river, in Umatilla and Morrow counties, 
Oregon. These plains are deeply cut by canyons, in which, in the springtime at least, small streams are to be 
found. The western end of the eounty is higher, being hilly or even mountain<»usin character. In nearly all parts 
of the county crops are raised without irrigation, but (^specially at the eastern end there are occasional failures, 
owing to a deficiency of rainfall, ll' there is a heavy fall of snow during the winter and this melts gradually, 
saturating the ground, the fanners can depend upon an abundant harvest, but if, on the ccmtrary, the snowfall is 
light or melts rapidly before the ground thaws, the cliances of success are n»duce<l. 

Irrigation is practice<l on the low grounds along the ('olumbia river mainly for the purpose of raising fruit, and 
also in depressions known as swales. The water is obtained in nearly all instances from si)rings, a small amount 
being i)umped by windmills. In the case of the swales the ground is naturally moist, and the irrigation processes, 
if they may be so called, consist in regulating the supply of water by means of dams, at one time allowing it to 
flow freely from the springs or at others draining it off when in excess. The principal crop raised in these localities 
is for forage. These areas, comi)an»d with those irrigated for gardens and orchards, are large and swell the total 
irrigated in the county. There are very few ditches for irrigation, and of these the Cameron ditch may be given as 
an (»,xainple. It takes water from White Salmon river, carrying it out upon the west side for a distance of about 
4 mi)(»s. The width of the ditch averages feet and the cost was $3,000. It was begun in 1880 and used to a 
small extent in 18JM). The water is diverted trom the river at a point where there are two islands, part of tlu^ 
channel lM»tween them being obstructed by a log dam. Its course is mainly through lan<l covered with a i)oor 
quality of pine timber, which must be cleared before the ground <»an be cultivated. The ditch has been built by 
private parties who have not yet been able to bring it to coinpletion. The water supply is ample. 

Lincoln (Ujuntv is in eastern Washington, north of Adams county, and forms part of the great plains of 
the Columbia. Ft is bcmnded on the north by the Spokane and Columbia rivers. The drainage systems of the 
county consist of small creeks, a few of which llow northerly into tin* Spokane or the Columbia. The greater 
number, however, run in a general southwesterly c<mrse, finally uniting to form Crab creek, a stream tiowing in a 
Avesterly direction through a series of lakes into Douglas county, where the waters finallydisappear by evaporation 
from the surface of Alkali lake. These streams have cut deeply into the surface of the county and flow in canyons 
or gorges from 100 to 000 feet <leep. or even more. 

On the high rolling prairie lands of which the greater ])art of the county is compose<l nearly all <'rops of the 
temperate zone are successfully raised. The soil is very rich and in nniny years the yield is exceedingly large. 
The drought of 1889, so disastrous in other parts of the ccmntry, diminisheil the yield, but did not impoverish the 
farmers. There is usually a heavy fall of snow in winter, wiiich, melting, saturates the gi^ound to a great depth. 
Apparently the structure of the soil is such that as the dry season comes on some of this moisture returns toward 
the surface and reaches the r<M)ts of the plants. On the low lands along the streams, as, for example, in the 
narrow valley or gorge of the Columbia river and of (Jrab creek, crops usually re<iuire irrigation. The soil there 
is somewhat sandy, not retaining water for any great length of time. Springs issue from the walls of these gorges, 
usually at a depth of from KK) to 20n feet below the general level of the high prairie, and this water can be easily 
led out to irrigate the snnill ])atches «»f low ground. 

From the chara<'ter of the country and the fact that crops are successful without irrigation, it appears doubtful 
whether any large system of water supply will ever be introduced. The greater part of the water flows too far 
l)elow the surface of the ground to be brought out upon the land, and the country is so rolling and broken by 
canyons that canal construction would be very expensive. The deveh)pment of irrigation in a small way, however, 
will doubtless continue, as the benefits derived from this method of agriculture are su<*h -^s in some places to 
warrant the exj^enditure of considerable sums for watering alfalfa, timothy, and other forage crops, as well as 
fruits and vegetables. At present a large part of the forige is made by cutting wheat and oats, since without 
irrigation alfalfa is not uniforndy su<*cessftd and fre(|uently does not thrive through the droughts of sunnner. The 
water sui)ply fm* domestic use is good. Wells usually reach water at a depth of from 10 to 30 feet, although in 
some places it is necessary to drill or bore to a depth of from 100 to 200 feet. So far as can be ascertained, uoue 
of this water rises and ov^erflows. 
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Spokane county is in eastern Washinp:ton, adjoining Kootenai county, Idaho. The principal city, Spokane^ 
18 the commercial center for eastern Washington and northern Idaho, and the greater part of the business 
pertaining to the mining and manufacturing interest:?, as well as to agri<*ulture, is transacted here. The surface of 
the country is hilly or consists of high rolling prairie himls with a rich soil, producing wonderful crops of cereals. 
The county is drained by tlie tributaries of the Spokane river, the outlet of Lake C(Rur d'Alene. These streams 
have deeply eroded tlie suiface and flow at a depth of from 100 to 400 feet below the level of the rolling prairie 
lands. Irrigation in this county is exceptitmal, since the rainfall may be considered as abundant for all crops. 
The only cases in which it is iiracticed are those in which a water su])ply was obtained with more than ordinary 
facility and utilized by men accust<mied to that method of farming. Besides the three instances given, there are 
other cases in which water has been used in a small way for gardens and fruit trees, but these can scarcely be 
considered as systematic irrigation. 

The majority of farmers in this county do not look ujion irrigation as feasible or necessary, T)ut there are a few 
who recognize that by means of an abundant water supply, even when the annual rainfall is large, the yield per 
acre can be greatly increased and a second or even a third cutting of forage plants obtained. There has been no 
year in whi(?h the crop failures have been particularly serious, although in 1889 the yield was greatly reduced. 
l>uring the winter there is usually a heavy snowfall, which, melting, saturates the ground in spring, so that all the 
■cereals except perhaps corn reach maturity, the size of the crop being in a rough way proportional to the depth of 
snow. The dry season begins usually about the tirst of »lune, after wliich there is little rain until late in the fall. 
There is an ample water supply for domestic purposes, and good wells are usually obtained, the depths being from 
10 to 50 feet, or sometimes more; No flowing wells are reported. 

Btkvens county is in the northeastern corner of the state, bordering ui)on British Columbia on the north 
an<l Kootenai county, Idaho, on the east. From this latter county Clarke fork flows in a westerly direction into 
iSStievens county, then continues northerly to a point 2 or 3 miles beyond the boundary of the United States, then 
it turns abruptly to the west again and empties into the Columbia, the junction of the two rivers being almost on 
the boundary line of the British ])ossessions. The Columbia river, entering Washingtcm, continues in a general 
noutherly direction until it reat^hes the mouth of the Spokane river, which forms a portion of the southern boundary 
of Stevens county. It then continues westerly in its course around Douglas county. 

The portion of Stevens county west of the Columbia river is included within the Colville Indian reservation. 
East of the river, however, are many farming areas, the greater part of which have been occupied for only a few 
years. This nearly triangular area, bounded on the west by the Columbia, on the east by Clarke fork, and on the 
south by the Spokane river, is known as the Colville region. It differs widely in many of its features from the 
country to the south, this difference being due largely to the absence of the lava sheets which underlie the greater part 
of the counties to the south, and give them their peculiar toi>ography. The basaltic rocks do not extend north of 
the Spokane river, but in their place are rocks related to the granites, and instead of the steep cliffs bordering the 
streams, as in the case of the basaltic areas to the south, are sandy terraces rising gradually from the river 
bottoms. 

A large amount of detailed information concerning this area is made available by the contoured maps and 
descriptions of the Colville country, prepared by the northern transcontinental survey and published in 1883. As 
shown by the agricultural map, the Colville valley, with its rich alluvial soil, extends in a general northerly 
direction through about the center of this area, being continued cm the north by Echo valley to the terrace lands 
of the Columbia, and on the south to tlie Spokane river by the sandy i>lateau and terrace lands of Chamokane 
oi*eek. Throughout this region, esi)ecially on the bottom lands, agriculture is generally successful without the aid 
of irrigaticm, although many of the farmers have found it of benefit to divert water from the small streams for 
gardens and trees upon sandy soils. As a general statement it may be said that grasses, fruit and shade trees, as 
well as com and vegetables, grow better if irrigated during the long drought of summer. On the bottom lands 
along the Colville river redtop and timothy hay are the ])rincipal products, wheat and oats being raised on the 
benches and dei)en(ling for their moisture upon the rains. 

The Colville valley is bounded by mountainous areas, the surftwie of which is too broken for agriculture. To 
the east, along Clarke fork, in the vicinity of Calispell and southeasterly from that point, are broad bottom lands 
usually overflowed each year by the si)ring freshets, so that, as in the case of other valleys along this stream, 
drainage is sometimes more necessary than irrigation. If the annual overflow does not occur, however, and the 
bay lands along the river and creek bottoms are not thoroughly wet, the crop is greatly reduced and is sometimes 
bardly wortli cutting. On the western edge of the Colville region, along the banks of the ("olumbia, is a sucession 
of low terraces, with rich though sandy soil. Here irrigation is generally necessary, although crops have been 
raised without it. Water is taken from the small lireeks which flow into the Columbia and is used for gardens, 
orchards, and hay lands. It is i)Ossible that a canal may be taken out of the Columbia at some time to cover a 
portion of these terraced lands. 

There are very few ditclu^s of any importance in the county, the greater number being less than a mile in 
length and conducting water from the little creeks, which are found at intervals of from 8 to 10 miles throughout 
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tlds mouDtainous area. One hindrance to the greater dev<^lopment of irrigation is that many of the settlers are 
still upon unsurveyed land, so that they do not know whether they are making improvements upon land that will 
eventually be their own or upon land the title to which will be obtained by some other person. 

Wallawalla county is in southeastern Washington, south of the Snake river and east of the Columbia, 
extending from these streams along the Oregon state line nearly to the summits of the Blue mountains. The 
Touchet river flows west and south nearly through the center of the county, entering the WaUawaUa river, whose 
course is Avesterly along the southern boundary. The streams flow in deep gorges hundreds of feet below the 
general level of the uplands. The principal occupation of the peoide of this county is wheat raising, large crops 
being produced each year, and especially when the snowfall of the pn^ceding winter is heavy. It is customary to 
summer fallow the land every third year, and thus, on an average, two thirds of the farm land is in crop each 
season. Occasionally a small amount of corn is raised on this summer fallowed land. Beside wheat some barley^ 
oats, and rye are produced, and occasionally potatoes and otlier vegetables, although in many parts of the county 
there is not sufficient moisture to make the yield of the latter protitable. 

In the northern end of the c(mnty, between the Snake and Touchet rivers and in a general way parallel to 
them, is the high plateau known as Eureka flat. This is from .'50 to 40 miles h)ng and about miles wide. The 
soil is rich, and enormous quantities of wheat are [)r<Kluced each year. The water supply for this area is, however, 
greatly deficient. The farmers are compelled to procure water for summer use by saving in cisterns the water 
from melted snow, by purchasing from the railroad company or by hauling from streams at distances of from 5 to 
10 miles by means of wooden tanks mounted on stout wagons. It is reported that in 1889 the water tilling a 500-gallon 
tank cost 84 and that the same quantity in 1890 cost $2. One farmer writes that in one year it cost him $50 ior 
water for household use and to supi)ly 4 horses. Water obtained from the railroad cost $12.50 for 2,500 gallons^ 
with an additional expense of from $5 to $8 to bring it from the railroad station. 

Efforts have been made to obtain water by drilling, but it has been found very difficult to penetrate the hard 
basaltic rock. Small pieces are easily dislodged by the drill and wedge it firmly, so that it becomes very difficult 
and in some cases impossible to withdraw the drilling tools. Wells have been put down to depths of from 300 to 
400 feet without obtaining water, the drill having finally stuck fast. In some parts of the county less difficulty is 
experienced in obtaining water. One well is reported to be 130 feet deep and with 40 feet of water. Irrigation 
is carried on along the Snake, Columbia, and Walla\^alla rivers, and to a less extent along Touchet river, wherever 
water can be brought out by small ditches, water wheels, or force pumps. Gardens and fruit trees cultivated in 
this manner prove highly profitable, as the wheat growers on the higher lands raise very few vegetables or fruits^ 
and thus there is little competition and a large demand for this class of produce. 

Whitman cofnty is on the eastern edge of Washington, south of Spokane county and north of the Snake 
river, and includes the greater part of the high rolling lands traversed by the Palouse river. This stream and its 
tributaries rise in the mountains of northern Idaho and flow westerly into Whitman county, where the river turns 
toward the south, and forming the scmth western border of the county flows into the Snake. The surface of the 
country as a whole falls from the mountainous region on the east, sloping in a general way westerly out toward 
the great plains of the C'Olumbia. It is broken, however, by innumerable hills, rising gently from heights of from 
100 to several hundred feet above the valleys. The drainage channels have been deeply carved into this high 
rolling country, and the streams for the greater i>art of their course are in deej) gorges. 

The eastern half of the county has an abundant rainfall, and the yield of crops can rarely be surpassed by 
that of any other area. The western half, being out toward the plains of the Columbia, is somewhat dryer, and 
seasons of deficient rainfall prove more serious. Losses are generally prevented by thorough cultivation. The 
soil of the county is very rich, consisting largely of a deep black loam, and the yield of most of the cereals is 
extraordinarily great. No irrigation is require<l, as there is usually ample moisture to mature the wheat, oats^ 
barley, and other crops. Fruit and shade trees thrive on the higher lands, and rarely is there serious loss through 
drought. 

On the low ground along the Snake river are a few irrigated areas. Here the soil is sandy, and the temperature 
is higher than on the upper lands, so that crops and fruit trees require the application of water during the summer. 
These strips of low land are locally known as '4)ars" or '* flats". They are not continuous, but are separated from 
each other by rocky points which extend down to the river's edge. This is sometimes known as the fruit area of the 
county, as the greater part of the orchards are to be found here. On the higher grounds some a]>ples and other 
fruits are produced, and their owners claim that the flavor is better than in the case of fruit from irrigated orchards, 
but on this point there is difference of opinion. 

Water is usually obtained by sinking wells to a depth of from 10 to 50 feet, although in some cases it is 
necessary to go deeper. At Pullman there are reported to be 8 flowing wells of a depth of from 70 to 180 feet. The 
cost of these wells ranged from ^l\ to $4 per foot. The wells are from 3 to 6 inches in diameter, and are reiM>rted 
to deliver 800 gallons per minute. There are also 2 flowing wells at Moscow, in Latah county, Idaho, about 10 
miles east of Pullman. These wells supply water mainly for domestic purposes, none being used for irrigation. 
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Yakima county is south of Kittitas and north of Klickitat, these three counties extending from the summits 
of the Cascade mountains eastward to the Columbia river. The Yakima river rises in the county to the north and 
flows in a general southeasterly course into Yakima county, where it receives numerous tributaries from the 
mountains on the west. The agricultural settlements are along these streams, the most pr()Si)erous being at 
places where water can be taken out to cover large areas of the fertile bench and valley lands. As a general rule 
nothing can be raised without irrigation, although there are a few favored si)ots where wheat has been successful 
without the artilicial application of water, fn the eastern end of the connty, toward the plains of the Columbia, 
there are localities where farming without irrigation is attempted, but the yield is so small as barely to repay the 
efibrts of the cultivator. 

The topograi)hy of this county is shown by maps made by the northern transcontinental survey in 1883. The 
area surveyed includes the Kittitas valley and the southern i)ortion of Kittitas county, as well as the greater part 
of Yakima county. Besides the topogrni)hy, which is shown by contoured lines, the forest areas have been 
outlined and the soils studied, the results in each case being shown by colored maps. This area is characterized 
by ridges running in a general easterly and westerly direction, many of them being cut by the Yakima river. 
Between these are fertile valleys, the soil of which yields large crops wherever water can be brought u]>on it. 

The first of tiicsc valleys is the Kittitas valley, previously mentioned in the description of the county of that 
name. After leaving this area the river passes through the Beavertail and Umptanum ridges, having cut a 
picturesque canyon about 15 miles long and from 1,000 to 1,800 feet in depth. It then crosses a valley extending 
east and west, the portion on the west or right bank of the river being known as the Wenas or Naches valley and 
on the east the Selah valley. South of these is another ridge of u])turned lava known as the Selali ridge, 
separating these valleys from a similar long, narrow basin on the south. The most notable part of this basin is the 
Moxee valley, on the east side of the Yakima river. The part of the basin to the west of the river, in which 
Yakima and North Yakima are situated, is known as Atanam valley. The total length of this basin or valley is 
from 75 to 80 miles and the width is not greater than 5 or G miles. South of the valley the river again cuts through 
a lava uplift, the Yakinm ridge, and enters the large Yakima valley, whi(;h extends down toward the Columbia, 
being 45 miles or more in length and from 10 to 15 miles in width. Tlie Yakima river leaves the valley of that 
name through a narrow pass and enters the low lands along the Columbia, flowing through these to join that 
stream. These lands are at an elevation of 100 feet or even less above the Columbia, rising toward the west. 
They extend from near Wallula for about 50 miles upstream, broadening to a width of 20 miles at points above the 
mouth of the Yakima river. 

The greater portion of the center of the county west of the Yakima river is occupied by the Indian reservation, 
which thus includes a large part of Yakima prairie. Northeast of this prairie are rolling hills and plateaus, 
generally covered with nutritious bunch grass valuable for stock raising. The soil is rich, and with an abundant 
rainfall good croi)s could be raised. In some localities large areas of government land have been taken up, and 
settlers have raised from 10 to 20 bushels of wheat to the acre. The majority, however, have not been able to 
secure a croj*, and many homesteads have been abandoned. 

The Yakima river and its ]>rincipal tributary, the Naches, rise among the high peaks of the Cascade range 
and thus have a large i)erennial sux)ply of water. Other streams of the county, as, for example, VVenas creek and 
Atanam river, derive most of their water from 8j)urs of the range, on which, the altitude being less, the snows 
melt earlier in the spring, giving a diminished summer flow. Along streams of this latter character the area 
under cultivation has already exceeded the amount which can be irrigated by present means, and as a result there 
is scarcity of water during the latter i)art of the crop season, especially among the irrigators on the lower portion 
of the streams. It is evident that water storage must be utilized to save some of the surplus water of early spring, 
which usually comes in a flood of duration so short that the irrigators have barely time to give their lauds one 
thorough watering. In many of the streams there are often two decided floods, the earlier resulting from the 
melting of the snows on the lower foothills, following a warm wind or rain. Later in the spring the snows on the 
higher mountains l)egin to melt, sometimes keeping up the height of the water, and at other times giving rise to 
a second well marked flood. The creeks which do not receive this second supply shrink during »)une, so that by 
the first of July there is hardly enough water for gardens and stock. Some of the lower grounds along the (Teeks 
receive suflicient moisture by seepage from the streams or from the ditches on the benches to raise crops without 
the application of water to the surface, but the higher lands must be irrigated, except perhaps in the case of those 
at an elevation of 2,000 feet or more above sea level. 

A large part of the irrigati(»n in this (county is carried on by means of ditches built by the farmers, either 
individually or in partnership. These men, as a rule, have had little money to invest in the development of the 
water supply, but they have contributed freely of their labor. The short crops of the census year diminished their 
resources, so that generally they could not unaided undertake larger enterprises, such as the building of long 
canal systems. In 1881) and the following years outside capital was attracted by the ai)parent opi)ortunities for 
profitable investment in works of this character, and corporations began to increase in number. The largest canal 
thus built is that known as the Sunnyside, built by the Northern Pacific, Yakima, and Kittitas Irrigation 
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Company, coveriug lauds on the east or northeast side of Yakima river, near Topniish_iiTid^the new town of 
Zillah. This c anal is on an average 30 feet wide, 6 feet deep, and has a total length of yOO niilto*. It covers about 
240,(KK) acres oFgood agricultural lands. Farther down the river, in the vicinity of Prosser and Kiona, are the 
works of the Columbia and Yakima Irrigation Company and also of the Yakima Irrigating and Injprovement 
Company, all taking water from Yakima river and carrying it to lands in the valleys neai^ the mouth of this stream 
or northerly along the west side of Columbia river. 

In many of the valleys previously mentioned much of the land lies at an elevation too great to be covered by 
canals from the streams, or if sutticiently low the expense of construction is prohibitory. In the eastern part of 
the county it is exceedingly difficult to obtain water sufficient even for domestic i)urposes, much less for irrigation, 
it being necessary to haul the water for long distances. Great attention, therefore, has been given to the 
possibilities of obtaining artesian flows. The first attempt to discover artesian water was made at the expense of 
the state, the well being located on Horse Heaven phiteau in section 30, township 8 north, range 20 east. Jn this 
excellent grazing region the neM of water is very great. This well is 630 feet in depth and is reported to have 
cost 83,400, this somewhat large amount being due to the fact that tlie drill penetrated several hundred feet of 
basalt, progress through which was extremely slow. Water was strucjk at a depth of 225 feet, but it did not rise 
to a higher level. The structure of this area, a^ described by Mr. Russell, is that of a great block uptilted toward 
the north, the strata becoming almost horizontal 10 miles to the south of the edge of the fracture and still farther 
to the south broken again. There is thus nothing of the basin structure essential to the existen<*e of artesian 
Avells. 

The successful wells so far iliscovered are in the Moxee valley, where the somewhat rare combination of 
conditions resulting in artesian flows has been found to exist. Deep borings have been nmde by the Yakima 
Land Com])any, the Washington Irrigation Company, and others. Well No. 1, of the Yakima Land Company, was 
the first flowing well in that i>art of the state. It is located on seetion 3, township 12 north, range 20 east. The 
elevation of the ground at the mouth of the well is approximately 1,160 feet above sea level, and when other wells 
are* closed the.water rises 20 fe^^t higher, or to an elevation of 1,102 feet. The well is 6 inches in diameter, 314 feet 
ileep, and discharges at the rate of about 0.6 second-feet, the water having a temperature of 75 degrees fahrenheit. 
Well No. 2 is located on section 4 of the same township and range, is 8 inches in diameter, and 018 feet deep. The 
elevation of the ground at the well is 1,200 feet and the water rises in the hole to within 12 feet of the top, or to 
an elevation of 1,104 feet, or practically the same height as in the case of well No. 1. Well No. 3 is 300 feet from 
No. 1 and in the same section. The top of the well is at an elevation of 1,154 feet, and when well No. 1 is closed 
the water rises 35 feet above ground, or to an altitude of 1,189 feet above sea level. Well No. 4, in section 4 of the 
same township and range, is 583 feet in depth. The top of the well is at 1,260 feet, and water rises only to within 
80 feet of the surface, or to an altitude of 1,180 feet. Well No. 5 was drilled in section 25, township 13 north, range 
19 east, but was not com])leted at the time of Mr. liussell's rei)ort. 

A comparison of the results obtained in each of these wells shows that when not flowing the water would 
stand at approximately the same level in all, namely, at an altitude above the sea of 1,190 feet, this, as pointed out by 
Mr. liussell, being the limiting height for this part of the basin. The other conditions, however, which determine 
the area of a basin and the probability of permanence of supply, are somewhat complicated. Well No. 1, of the 
Washington Irrigation Comi)any, is located in section 31, township 13 north, range 20 east. The elevation of the 
surface is api)roximately 1,085 feet. The discharge is estimated to be 0.3 second-feet. The water has a 
temperature of 73 degrees fahrenheit. West of North Yakima, in what is known as Wide Hollow, are two wells, 
one having a depth of 250 feet. The elevation of the top of the other well is 1,125 feet and its total tlepth is about 
530 feet. Neither of these flows. 
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Total population (averajje per square mile. 0.62) 60, 705 

*NnHiber of owners of farms (5.15 per cent of population ) 3, 125 

Number of irrigators (61.34 per cent of farm owners and 3.16 p«T rent of population) 1, 917 

Area of state, laud surface ( 97, 575 square miles) acren . . 62, 448, 000 

Area irrigate<l in census year do . . . 229, 676 

Area of all farms (26.05 per cent improved) do. . . 1, 830, 432 

Cereals raised in census year, including 20 acres in buckwheat and 141 acres in rye do. . . 21, 815 

Barley (average production, 24.20 bushels per acre ) do . . . 486 

Corn (average production, 12.73 bushels per acre) do. . . 1. 977 

Oats (average production, 26.60 bushels per acre) do. . . 14, 607 

Wheat (average production, 16.24 bushels per acre ) do . . . 4, 584 

Alfalfa : ". do... 5,270 

Total value of all farms, including land, fences, and buildings $14, 460, 880 

Estimated total value of the farms irrigated in whole or in part $7, 212, 000 

Estimated value of all farm productions ( sold, consumed, or on hand) for 1889 $2, 241, 590 

Estimated value of productions (as above) from farms irrigated in whole or in part $1, 895, 000 

Average size of irrigate*! farms acres . . 120 

Average size of irrigated farms of 160 acres and upward do. . . 494 

Per cent of acreage of irrigated farms of 160 acres and upward to total acreage irrigated 65. 18 

Average size of irrigated farms under 1(»0 acres a';res . . 50 

Average first cost of water right per acre $3. 62 

Average annual cost of water per a<!re $0. 44 

Average lirst cost per acre of preparation f<»r cultivation $8. 23 

Average value of irrigated land, including buildings, etc., in .June. 1890, per acre $31.40 

Avenige annu.il value of products per acre in 1889 $8.25 

(JENERAL DESCRIPTION. 

Ill number of irrigators iu the census year Wyoming stood above Arizona, Washington, and Neva<la and in 
area irrigated was near the middle of the list of the 1 1 states and territories. As a consequence of the large acreage 
reported as under irrigation, the average size of irrigated farms was necessarily large, 120 acres, in this respect 
standing second only to Nevada. The principal prcHluct on the irrigated land being hay, and much of this from 
native grasses, the average value of products was very low, ??S.25 per twre. Taking out the large irrigate<l farms, 
that is, those of 160 acres an<l upward, there remained less than 35 per cent of the land in what may be called 
small irrigated farms, these averaging 50 acres in size. Thus, in respect to proportion of large holdings, this state 
was far above the average, subdivision of large holdings not having been carried on to a veiy i)erceptible degree. 
The reports as to the first cost of water rights per acre and the average annual cost indirated that these were lower 
than in any other part of the country, this being apparently due to the many instanc«»s where small ditches were 
constructed by farmers who placed little value on their own labor. 

W\voming lies principally within the northwesterly portion of the Great Plains. The continental divide 
crosses the state diagonally, running in a general northwest and southeast direction, the southwestern corner of 
the stat^ containing the headwaters of streams Howiug into the great interior basin ^r southward to the Colorado 
river. From the continental di vidt^ the land as a whole falls gradually to the north and east toward the Yellowstone 
and the Missouri, the rivers flowing either northward into the Yenowst^)ne or eastward down the slope of the Great 
Plains. This gentle slo])e toward the Missouri is interrui)ted in several instances by mountain ranges, whose 
cimrse is in general slightly west of north and east of soutli, the most cons])icuous examples being the Bighorn 
range in the northeni i)art of the state and the Medicine Bow and Laramie ranges in the S(mthern i)art. These, 
with the Wind river and Absaroka ranges, induce most of the pre<'ipitation of the state, and to their presence is 
due the greater i)art of the agricultural possibilities of Wyoming, for from these mountains <*ome the streams most 
im)N)itant to agriculture. The continental divide <*rossing .this statcMs not in all places well marked; in fact, it 
may be said that the plains sweep over the divide into the head waters of the Colorado. This lofty plain, where 
unbroken by mountains, does not receive sufficient water to render agriculture ])ossible on a large scale, even if 
the climate was si iiciently temperate for the ordinary croi)S. 
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The agricultural laud of Wyoming as a whole lies at the greatest altitude of that of any state in the Union, 
nearly one-half of the total area being above 0,500 feet. Tlie character of the agriculture and that of the products 
are governed by this fact, and, as is well known, the i)astoral industries lead in importance, areas devoted to these 
practically embracing the greater part of the state. Agriculture proper, the tilling of the soil, is making rapid 
progress in some portions, especially at the lower altitudes, as, for example, in Johnson and Sheridan counties, along 
the base of the Bighorn range in the northern part of the state, and also in the more thickly settled parts adjacent 
to Colorado on the southeast. In the northern counties in the valleys of the Powder, Tongue, and Bighorn rivers, 
where the altitude is from about 3,500 feet upward, and also to the southeast in Laramie county, nearly all kinds 
of fruit and vegetables of the temperate region reach maturity, an<l in all parts of the state grass and the hardier 
^Trains flourish, many of the higher plains being too cold for corn. Nothing, however, can be grown without 
irrigation, with the exception perhaps of a scanty crop in some spot occasionally favored with an unusual summer's 
rain. No dependence can be place<l upon noniiTigated crops and the yield at best hardly repays the trouble. 
As a result, with a vast area of arable land agricultural development is restrained by the uncertainty of securing 
water. Irrigation is still in its infancy, and there are few works of notable size, the only exceptions perhaps being 
in the case of canals in Albany and Laramie counties. There are numerous small ditches leading from the streams 
out upon the lowest bottom lands, where in most instances a few well located high line canals would serve more 
land with greater economy. Many of the earlier canals were so faulty in construction and in alignment that the 
cost of repair has been large, and lack of economy of w^ater has enSue<l. There is need of systematizing the water 
diversions from each stream. 

WATER SUPPLY. 

The water supply of the state as a whole is remarkably good, since there is a large proportion of perennial 
streams of notable size. The valleys along the Bighorn river and also those to the east of the range of that name 
receive a large amount of water from the great mountain ranges bordering them. Agricultural development, 
especially in the north, has been retarded by the lack of transportation facilities, the only railroad until of late 
years being that crossing the southern part of the state. On the east the tributaries of the Platte have been used 
nearly to their full capacity for irrigation, the water in the Platte itself being employed to a less extent on account 
of small slope of the stream and the consequent expense of headworks, irrigation from the tributaries being cheaper. 
There are many canals, especially along the larger rivers, which receive water only during times of flood. These 
so-called high water canals are very cheaply built, the headworks, if any, being of temporary charac'ter. Water 
is by this means turned out upon grazing lands, only one thorough watering during the year being secured. In 
such cavses the use of the term <* irrigated laud" is open to criticism, especially when used in comparisons of 
statistics from lands where irrigation for grazing is impracticable. 

There has been the same (complaint in Wyoming as in other states, that with increase of population and 
pushing of settlenn^nt toward the head waters the water is used to a greater extent in the upper valleys, where 
irrigation is cheaper, but where the climate is less favorable for agriculture, and that by this increased use of the 
small tributaries the supply of water is diminished in the main stream beh)w to the detriment of prior appropriators. 
The available supply must be increased by utilizing all the facilities for conserving water, and at the present time 
st4*V)S are being taken in this direction. Some small storage ba.sins are used, but they are insignificant as compared 
with the untouched facilities. As the matter now stands, the amount of water in the streams <lei>ends <lirectly 
upon the depth of snowfall in the mountains, the rain having comparatively little influence upon the amount available 
for irrigation. In fact, the irrigator cares little about the quantity or distribution of the rain, his chief concern being 
the amount of snow in the mountains and the distribution of temperature through the spring and summer, an early 
w;irm spring causing the snow to disappear rapidly, while comparatively cool weather in the mountains allows the 
snow to remnin later and keep up the discharge of the streams at the critical time. 

The average distribution of the water in the streams in and adjoining Wyoming thnmghout the year is shown 
by the following percentages of discharge for each month. As given in the results obtained by the United States 
Geological Survey, in January the discharge was 3.5 i>er cent of that of the entire year; February, 4.0; March, 5.0; 
A]>ril, 1).0; May, 25.0; June, 23.0; July, 12.0; August, 5.0; September, 3.5; October, 3.4; November, 3.3 ; December, 
3.3. That is to say, in May, taking the averages of a large number of streams, one-fourth of the amount for the 
entire year was discharged, or five times the amount discharged in August and over twice that discharged in July. 
Taking May and June together, nearly one half the total for the whole year was discharged, or fcmr times that of 
July, the mouth in which the crops are in full growth. It is self-evident that by saving a i)art of this water so 
l)lentiful in May and »Jun<^ until July, and especially until August, a far greater acreage can be given a seijond or 
third wat^M'ing. It would be necessary to hold the greater part of this water a very short time, for the culmination 
of the floo<l occurs in the latter part of May or the first part of June, while th<' greatest need is in th<^ latter part 
of July and in August. The amount of water flowing to waste in winter, although relatively of small significance, 
would aid in sw^elling the amount available lor storage. 
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WATER CONTROL. 

The legislation recently enacted, approved December 22, 1890, promises a speedy solution of many of the troubles 
besetting the irrigator, and its practical operations are being watched by the people throughout the arid lands. In 
preparing these laws a<lvantage has been taken of the experience of other states, and much that is best has been 
iucori)orated from the laws of other irrigating countries, especially those of the state of Colorado, where certain of 
the provisions have be<»n put to practical test. The law is unique in this, that the state does not necessarily wait 
for controversie^s and losses to arise, but of its own motion steps in and ascertains how much water is available for 
irrigation, who are the claimants to this water, and then, knowing these fundamental facts, it gives the use of the 
water to the iiroper persons, and employs its own agents to see that the distribution is made. 

Under late legislation the state engineer has charge of all the details of water distribution throughout the 
state, and he, with four sui>erintendents, one from each wat^^r division, constitutes a board of control to determine 
all questions that may arise. Under each superintendent are a number of water commissioners, one for each minor 
district, whose duties are to enforce the i)roper distribution and carry out the local regulations. The state engineer 
is to make measurements of the amount of water in the stream, to determine the most suitable location of irrigation 
works and lands to be irrigat^^d, and, further, to examine reservoir sites and publish estimates of the cost of storage 
and distributing systems. The superintendent in each division is to make suitable regulations to stHjure the fair 
distribution of water, and by the aid of the water commissioners to keep a record of the amount of water needed, 
available, or wasted, and if the water is not justly distributed he must enforce divisicm according to his list of 
priorities. The board of <'ontrol, of which the state engineer is the head, can ajipoint a date upon which to examine 
into the rights of all persons using water Worn any streams, and knowing the amount of water available, as 
determined by the state engineer, as well as the area of land irrigated or susceptible of irrigation, it can then 
make an order determining the rights of each jjerson, giving to no appropriator more water than he can put to 
beneficial use, the maximum limitation being set at 1 second-foot for 70 acres. Each person is then given a 
certificate showing the order of priority, the amount of water to which he is entitled, and the number of acres ui>on 
which the water is to be used. 

No future appropriation of water can be made until the board of control is satisfied that there is unai)propriated 
wat^r, and that its use will not be detrimental to public interests. The second foot is made the legal unit, thus 
avoiding the trouble arising from the use of that indefinite quantity, the miners inch. Each appropriator must 
maintain head gates by which the water can be turned on or ofll', and also a flume or weir for measuring the water 
in his dit<;h. All dams over 5 f<»et in height for raising and diverting water nuist be apju-oved by the state 
engineer, thus insuring an official inspe<*tion of such structures. 

From the above abstiact it is api)arent that the sttite engineer and board of control hold the most im])ortant 
offices in the state, so far as agricultural interests are concerned, and by a wise and skillful exercise of the functions 
intrusted to them they can bring about a thorough development of the agricultural lesources of the state. With 
the exception of a part of the he.od waters of the North Platte and Bear, all the streams rise withiii the state and are 
under the control of stiite officers without hindrance from outside parties. Apparently only such water as 
Wyoming can not use need be discli}irge<l across her borders to Nebiaska, the Dakotas, Montana, Idaho, and Utah. 
She holds the key to the storehouse of agricultural wealth. 

WKLLS. 

In Wyoming a great number of wells have been drilled to depths of fiom 100 to 1,000 feet or more in the search 
for petroleum. Usually these pass thnmgli strata carrying large amounts of salt water, which, if allowed to do so, 
rises an<l overflows at the surface. This water, so far as ordinary uses are concerne<l, is worthless on account of 
the large amount of mineral matter which it contains. Occasionally the di»ep borings have struck fresh water, but 
these castas are rare and the amount delivered is usually small. There is reported to be a flowing well at (Mieyenne; 
also others south of Laramie, in Albanv countv, and in the vicinitv of Sheridan, in Bheridan county. At this latter 
locality are two wells, one of whieh, 5t)0 feet in dej)tli, d<*livers less than a gallon a minute, and in the other, 452 
feet, the water rises only to within feet of the surface. 
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CONDITION OF IRRIGATION IN EACH COUNTY. 
XUMBEU OF IRRIGATORS. ARKA IRRIGATED, FARMS, AND CROPS IN EACH COUNTY IN WYOMING IN 1889. 
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a luelude.H owned and hired farms, ansuming one farmer to t-acli. 



b Ineltiding Highorn county. 



e Ketunm not complete. 



Alranv coiNTV is in the soutlieastern part of Wyoming, extending: from Colorado northward over a third 
of tlie distance across the state. It embraces n<»jrrly all the catchment area of the Laramie river, and on the east, 
beyond the Laramie range, it includes also the sources of the streams tlowing easterly or northeasterly into the 
North Platte river. . Witliin this county are the Laramie plains, which are in general chara4*ter similar to the 
Great Plains to the east, but separated from these by the long, narrow Laramie range, a prolongation of the front 
range of the Rocky numntains. These x)lains lie at an altitude of about 7,()00 feet, and the temperature, while 
favorable to the growth of forage crops and small grains, is too cold for many fruits and vegetables cultivated 
furtiier to the east. Nothing grows without irrigation, but with it excellent crops of grass, alfalfa, the hardier 
cereals, and various vegetables are raised. 

The Laramie plains are well watered on the west by the numerous tributaries which flow from the Medicine 
Bow mountains or Snowy range, and whicli either sink into the plains or flowing nearly across them unite to form 
the Laramie river. For a brief period in the spring, during the prevalence of the freshets, there is an ample 
supply of water, but during the summer there is not enough fot all the ditches. Near the foothills on the west 
side of the plains are many small lakes, some of which are suitable for wat^r storage, and plans have been 
suggested for constructing suitable regulating works for this j)ur])ose, few reservoirs, however, being in actual 
use. B<»sides these lakes in Albany county there are many good storage sites on the head waters of the Laramie 
river in Colorado, scmth of the county line. 

Stock raisii^g is tlwv principal industry, forage forming 98 per cent of the total area of crops irrigated in 1889. 
As a general rule vegetables and cereals were raised in quantities sutticient merely for local consumption. Besides 
the crops irrigated there was an ;u*reage of equal amount reported as irrigated for grazing, the total of these two 
items amounting to a third of the entire area of the farms of the county. The character of the irrigation for 
grazing is such that (me man can apply water to large tracts whenever this is abundant and the cost is therefore 
very small. On the east(»rn side of the Laramie range, along the narrow valleys on the head waters of the streams 
flowing into Laramie county, are large areas of agricultural laud. The country is rough and broken, and, as on 
th(» Laramie plains, grazing is far more important than tilling the soil. There is a complaint among the smaller 
farmers that the great corporations engaged in cattle raising interfere with the growth of agriculture by fencing 
enormous areas within which are lands suscei)tible of irrigation and legally o])eii to settlement. 

Carbon cotntv is in the southern part of Wyoming, west of Albany 'county. The North Platte flows from 
Colorado northerly through this (tounty into Natnum county, where it turns toward the east. The principal 
agriculture is in the valley of the North Platte, in the southern part of the county, where the river is bordere<l on 
th(» cast by the Snowy range and on the west by the Sierra Madre. The ranches are located along the small 
streams which issue from these mountains, the land under cultivation being near the streams and irrigated by short 
ditches taken cmt bv the owners of each ranch, 

« 

The water in these small streams diminishes rapidly in July, and from then until the middle of August, when 
the crops are cut, then* is often scarcity of water. There is a large volume flowing in the North Platte at all times, 
and if the river could be diverted in the southern part of the <M>unty by large canals running near the foothills on 
each sifle of the valley, enormous tracts of fertile land could be utilized. At present the land lying back from the 
creeks and a little above the lev^el of the bottom lands is of little or no value. The general altitude of the 
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agricultural land is 7,000 feet. It is undulatiug and broken, being traversed in places by ranges of hills. The 
principal industry of the county is grazing, although the climate is favorable to the production of many of the 
gi*ains. The expense of trans[)ortation is so greiit that nearly all the products are raised for home consumption. 
The ditches are mostly small, one of 15 feet in width being considered large. 

In the southwestern corner of the county is a portion of the head waters of the Snake river, which flows 
southwesterly into the state of Colorado, finally emptying into the Green river. There are several ranches along tins 
river and its tributaries, the irrigated lands being in the bottoms. The mesa land adjoining these has not as yet 
been touched on iw'count of the expense of bringing water upon it. Taking the county as a whole, the amount of 
land taken up is insignificant in comparison with that which remains to be utilized, and there appear to be excellent 
opportunities for the development ot large irrigating systems from the North Platte river and by storage from 
many of its tributaries. 

Converse county is in the center of the eastern side of the state, lying north of Albany and Laramie 
counties. The average elevation is approximately r),(K)0 feet, the greater portion of the county consisting of the 
debatable ground between the Great Plains region on the east and the Rocky mountain foothills region on the 
southwest. The Platte river flows across the southwestern corner of the county, receiving many small tributaries 
from the Laramie range to the south. The county line oti the north running east and west lies approximately in 
the center of the valley of the south fork of the Cheyenne river, the divide between the Cheyenne and Platte being 
through the center of the county. In many places this is apparently so low that the farmers believe that a canal 
can be taken from the Platte river in Natrona county and brought out upon or across this divide. There are few 
ditches, and the area tilled is insignificant in comparison to that used for stock raising. 

It is generally impossible to raise any crop without the application of water, although the rainfall is in many 
seasons almost sufficient to insure success. In the bottom lands, along some of the streams where the land is 
|)robably wet by seepage, potatoes and other vegetables have been produced, and in a few localities oats, wheat, 
and millet have been raised without irrigation, the crops being, however, only about one-half or one-third of those 
on the irrigated land. Large areas are now under irrigation for grazing, with the intention of bringing the land 
into condition for rsiising hay, two or more years of irrigation and grazing being usually considered necessary 
before a forage crop can be cut. Along the North Platte river several water wheels, carrying upon their rims 
buckets by which water is raised, are reported to be in use, but with results not always satisfactory. The lower 
lands along this river are of enormous extent, and with large and comprehensive canal systems, taking water from 
this river extensive tracts of fertile land can be reclaimed, there being apparently an abundant supply of water* 
The creeks coming into the North Platte from the south flow in general through narrow valleys, or have cut 
ravines, rendering it a matter of difficulty to take the waters out upon the higher and better lands. Many of these 
(•arry a considerable amount of w^ater throughout the year, but in most instances there is an extent of land far 
greater than can l)e brought under irrigation by these streams without storage. 

('ROOK COUNTY is in the northeastern corner of the state, luljoining Montana on the north and South 
Dakota on the east. In altitude it is, as a whole, as low as that of any county in the state, the northeastern corner 
being considerably under 4,(K)0 feet in elevation, while the average for the county is under 5,000 feet. In the eastern 
part it contains the Bearlodge range, the northwestern prolongation of the Blac^k Hills region. The summits of 
this range are 0,000 feet or more in altitude. Warrens peak rising to over 6,820 feet. The j)rincii)al stream of this 
county is the Belle Fourche or north fork of the Cheyenne river. This stream rises in Weston county, flows 
northeasterly alofig the western foot of the Bearlodge range, and shortly before reaching the state line turns 
abruptly to the southeast, passing around the Black Hills. West of this stream, and separated by a comparatively 
low divide, are the head waters of the Little Missouri, and beyond this are those of tlib Little Powder river, the 
county continuing to the westward and embracing some of the tributaries of the Powder river. 

The principal settlements of the county are in the Bearlodge mountiiins, where there are good ranges for 
stock, and where agriculture without irrigation is occasionally successful. The streams flowing in all directions 
from this range and finally uniting in the Belle F<mrche furnish oi)i)ortunities for irrigation on a small scale, and 
a number of ditches, owned by individuals, have been built, but as a general rule, although there is an ample 
8up]>ly of water at the time of the melting of the snow, yet later in the season, at the time when the waters are 
needed for maturing th<» crops, the streams become nearly or quite dry. The principal tributary of the Belle 
Fourche in this county is the Inyan Kara, which flows in a general north west^erly direction south of Sundance. 
The banks of this stn^ain are high, and ditches are taken out with difficulty. There is an am])le supply of water 
in the early si)ring, but the stream has been known to become nearly or quite dry in the fall. The valley of the 
Belle Fourche itself is narrow. and is Ixmnded by high blulfs, the river crossing from side to side, rendering the 
construction of a comjuehensive canal system difficult, if not impossible. The Little Missouri often contains a fair 
amount of wat<^r, but in 1880 and 1800 it was dry in many plaees, the extraordinary drought of the la«t two years 
having its <»ffect uj)on all these streams as well as upon the crops. The farmers in general state that although 
they can occasionally raise corn, wheat, oats, ami vegetables without irrigation, yet at best the yield is small and 
they can not be sure of a crop two years in succession. 
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Fbemont county, in the western part of Wyoiniug;, (comprises a large area extending from the Montana line 
southward two-thirds across the state, including the Wind river and otlier head waters of the Bighorn, and 
extending south over the continental divide, including New Fork and various small tributaries of the Green 
river. On the southeast are the head waters of the Sweetwater, the county thus including portions of three large 
drainage basins. The Wind River range, which crosses the county diagonally, lying in a general northwesterly and 
soutlieasterly direction, and the southern extension of the Absaroka range on the north are of such a height 
as to give rise to innumerable streams, so that as a whole the county is well watered. The greater part of the 
population is in the vicinity of Lander and neighboring towns in the center of the county. Mining is an important 
industry, although perhaps not as important as stocik raising. The Wind River Indian reservation north of Lander 
occupies a large part of the county, but south of it agriculture ha^ developed along the Popo Agie river and its 
tributaries, where the water supply in general is remarkably good. In the east of the county, on the Badwater 
creek, irrigation is less successful, but on the Sweetwater to the south the water supply is reported to be plentiful 
for the land under irrigation. 

There are no large canals in the county, but many small ditches, each taking water to the lands of one or two 
owners. Owing to lack of transportation firCilities there is little or no market for agricultural produce except at the 
mines. Much of the agricultural land is rough, requiring considerable expenditure to prepare the surface for 
thorough irrigation. An occasional crop of barley or oats is reported to be successful without the application. of 
water. In the southwestern corner of the county, south of the head waters of the Green river and east of New Fork, 
is a vast plain lying at an altitude of about 7,000 feet. The elevation of the i)lain above the channels of the streams 
is so great, however, that it is doubtful whether water can be brought out upon it. The water supply of that region 
is good, but compared to the vast area of land suitable for forage crops at least is wholly inadequate. Settlement 
has been confined to the foothills, where water can be had in abundance. 

The north portion of Fremont county is probably the best watered part of the state, for it(»ontains in its western 
half a part of the Absaroka range, the peaks of which rise, to altitudes of from 9,000 to 11,000 feet. Settlement 
is i)rogressing rapidly on the [)rincipal streams which flow from these mountains, an<l there api>ears to be no 
immediate i)ossibility of the water supply being exhausted, at least on the Grey Bull and rivers to the north. 
On Owl (!re(3k, north of the Wind River Indian reservation, some difficulties are reported on account of diversions 
of water by settlers toward the head waters. In the valley of the Bighorn river is a large amount of good 
agricultural land an<l i>lenty of water, but the banks of the river are high and the fall is so gentle that the expense 
of taking out canals appears to be large, too great at least for the present settlers to attempt. The lack of a 
railroad retards development, and the agricultural resources are little known by those outside the county. There 
aie high water ditches, which in times of flood water some of the h)wer lands in this valley. 

Johnson county is in the northern part of Wyoming, separated from Montana only by the comparatively 
narrow strip of land embraced in Sheridan county, it extends from the summits of the Bighorn mountains 
eastward toward the Great Plain region, ami covers a region most favorable for the development of irrigation, the 
high mountains on the west contributing a perennial supply of water for the open valleys toward the east. The 
tilled lands lie in the valleys along the base of the mountain range at altitudes of from 4,000 to 6,000 feet. The 
streams coming from the Bighorn mountains unite in creeks, which flow in a general northeasterly or northerly 
direction and finally, after crossing through the foothill and high plain region, empty into the Powder river, the 
waters of which, flowing northward into ^Montana, join those of the Yellowstone. The irrigation streams coming from 
the high mountains fluctuate to a certain extent during the <lay owing to changes of temperature, the amount of 
water following a hot summer day being noticeably greater in amount. Within the past few years agriculture 
has developed to a wonderful extent along the base of the Bighorn range, and there has been brought under 
cultivation an area of land so extensive that it can not be completely watered by the streams, although their 
flow is comparatively large and i)ersistent, and the farmers report many acres of crops ruined in 1889 and in 1890 
on account of this deficiency of water. In this county the small amount of snow during the winters preceding 1889 
and 1890 has had its effect upon the streams in the reduction in their volume. 

No crops can be raised with certainty without irrigation, although a few acres of potatoes and vegetables have 
been reported as successful without the application of water. Some native hay also is thus raised, esf>ecially in 
seasons of unusual rainfall, and many farmers consider this hay better in (quality than that raised by irrigation, but 
the quantity i)er acre is far less. One cutting of alfalfa is occasionally obtained without the use of water. The 
ditch system of this (county, like that of many other parts of the west, has grown up in a haphazard fashion without 
definite plan. In most instances the ditches have been built to convey water to a single ranch, and are to a large 
extent owned by individuals or cattle companies. Consequently the majority of them are small and inqierfectly 
constructed, and the losses that have occasionally resulted have arisen from defects in the ditch rather than from 
lack of water in the stream, although the water is not in general sufficient for all demands. 

In seasons like those of H^f^i) and 1890 the scarcity in many cases brought about a temporary agreement 
between various persons claiming water from the same stream, according to which the whole amount of water 
available was distributed alternately to the different ranches, resulting in economy, and consequently covering a 
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larger area than before The over appropriation, however, on Clear creek and on several branches of Crazy 
Wcunan creek, has led to vexations disputes. In many cases where tlie water can not be had during the crop 
season it has been found of advantage to apply water later in the season, and late irrigation in general has 
proved a great benefit. Water st<n*age has been undertaken to a very small extent. One- man in particular 
reports the successful use of a small reservoir in whit'h spring water is hehl. 

Laramik county is in the southeastern corner of Wyoming, east ot All)any county, thus including the lands 
east of the foot of the Laramie rnnge and south of the divide between the North Platte and Cheyenne rivers. The 
western side of the county is well watered by the many small streams which, rising in the Laramie range in Albany 
county, flow eastward to join the North Platte river. This river enters the northwestern corner of the county and 
flows toward the southeast into Nebraska. Its waters are not diverted, <»xcept in a small way, ui)on the bottom 
lands, as for a great portion of its course through the county the narrow river valley is bounded by blufl'Sy 
rendering -the expense of canal construction too great for ])rivate means. 

The eastern side of the county has an altitude of about 5,0(M) feet, and is in no way ditterent from the Great 
Plain region of western Nebraska and .Kansas. Stock raising is the principal industry, and there are many 
ranches embracing thousands or even tens of thousands of acres. Dry farming has been attempted, but it is only 
occasionally that a crop can be raised. Many settlers came into the county during or shortly after 1884, the year 
of unusual rainfall, expecting that, according to the i)revalent ideas, the rainfall wonld continue to increase. In 
this they have been bitterly disai)pointed, and year after year of rej)eate<l failures has led them to believe that 
without irrigation agritmlture can not succeed. 

On the w^estern side of tlu^ county, wh<*re the elevation is (),()00 feet and ni>ward, no attempts at dry farming 
have been made, but the soil wherever tilled is irrigated, except in ii lew instances among the hills at the southern 
en<l, where potatoes, rye, wheat, and oats sometimes do well without iirigation. The waters of the many small 
creeks have all been approjuiated, and as a usual thing tlie rights to the waters largely exceed the amount 
available, except in times of unusual floods. In the summer there is scarcity, and losses of crops are reported. 
There are many storage sites on the heads of these streams, esi)ecially in Albany county, and in a few instances 
small reservoirs have been made and are in snccessful operation. Nearly all the snmll tracts along these streams 
are owned by individuals, but there still remain great areas higher and more remote, to which water can be brought 
only after a great expenditure for canals and storage works. 

The Laramie river, flowing through the range of the same name. Joins the North Platte in the northern i)art 
of the county. Fort Laramie being placed at the junction of these streams. On the bottom lands along the North 
Platte river are ditches, which take water whenever the river is high, and thus serve to thoroughly saturate these 
bottoms during the flood season. At other times of the year, however, these dicciies are too high to obtain any 
water from the streams. These bottom laiuls are usually sandy, ami require more water than do the bluff lands, 
which are reported to be superior for agricultural purposes, if only the water could be brought upon them. The 
largest irrigati<m project in this part of the state is that of the Wyoming Development Company, whose canal 
takes water from Laramie river, covering land between Bybille and Chugwater creeks. The canal S(M)n after 
leaving Laramie river passes through a tunnel and discharges its water into a branch of Blue Grass creek, which 
in turn empties into Sybille creek. Here the water is again diverted into the second jmrtion of the canal, about 
.35 mile.^an length and 25 feet wide on bottom. About 12 mih»s farther down the creek is another branch 20 miles 
in length and 20 feet wide on bottom. Both of these run in a general northeasterly directi(m, furnishing Wtiter to 
a number of laterals. 

The streams which flow iirto the North Platte from the northern end of the county drain a low catchment 
area, and theretVne have very little water in comparison to the extent of country drained. Advantage is. taken of 
the spring flomls to soak the lands, and all of the water that can be tak<Mi from the streams is thus used, in the 
hope that by the fortnnate occurrence of rains the cro[)S may reach maturity. The soil along these creeks is 
usually too sandy, and the results rae not always successful. South of the North Platte river, on the plains 
forming the divide between Horse creek, a tributary of the North Platte, and Lodge Pole creek, which flows into 
the South IMatte, as well as along these creeks, are many ranches, most of the farming being done, however, on 
the high lands. Occasionally (?rops of potatoes, millet, oats, corn fodder, sorghum, and vegetables are raised, and 
in a few instances windmills are used to pump water for apple trees and various kinds oi fruit. Corn is reported 
as usually unsuccessfnl, owing to the early frosts. In the lower bottoms, where some water is received bv seepage^ 
])otatoes and vegetables are more certain of success. 

Natrona coixrv is east of the center of the state and north of Carbon county, of which it formerly was a 
l)art. The North Platte flows across the southeastern corner of the ciuinty, and the Sweetwater extends along 
the s(mthern border to the point where it flows into the North Platte. Neither of these rivers, however, although 
carrying a large amount of water, is used to any extent for irrigation on account of the difficulty of building 
canals from them. The agricultural land at present cultivated is along the creeks flowing into these streams from 
the Laratnie or the Kattlesnake range, the water being diverted by various i)rivate ditches. Hay is the principal 
crop, the altitude of the county being about 0,000 feet. Although the tilled land is confined to the valleys along 
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the smaller streams, this is not due to lack of arable land, for on the higher lands back ft*om the creeks are 
immense tracts as good as that now tilled. There is need of careful examination to determine where, if possible, 
canals cm be taken from the large streams to cover this valuable land. At [)resent the waters of the smaller 
streams are in several instances used t/O their full amount and more water is needed, the irrigators stating that 
water storage would be desirable. 

Shekidan county is in the center of the northern side of Wyoming, and extends from the summits of the 
Bighorn mountains easterly to the valley of the Powder river, embracing in its eastern end a portion of the 
deeply eroded plains region sometimes designated as ''bad lands". The Bighorn range rises to elevations of 
from S,000 to 12,000 feet, and from it issue innumerabh* streams, fed by the snow on these lofty slopes. The 
streams which rise among the high mountains furnish a perennial supi)ly of water, but those whose origin is 
among the foothills farther to the east are more unstable in their character. The comparatively low altitude of 
the agricultural lands of this county more than comyiensates for their high latitude. Around Sheridan the 
elevation is reported to be (mly 3,500 feet, the valley of the Tongue river being perhai>s the lowest land in the 
state. The towns and settlements are along or among the foothills, and depend for their existencte ui)on the 
stoi'k raising and agriculture carried on along the streams. (Jrc^at <»ntei*prise and energy have been shown in 
developing the agricultural resour(*es of this county; large areas of land have been taken up and a ]K)rtion of 
these brought under cultivation. 

It is evident that there is not en<mgh water to irrigate all of the land filed u|Mm, not taking into 
consideration the vast areas still oi>en for settlement, an<l the irrigators demand scmie method of water storage. 
There are many favorable reservoir sites in the Bighorn mountains, and several have been mentioned in the 
vicinity of Cloud jieak. One or two small reservoirs have already been built and operated successfully. Irrigation 
construction has been done in a small way, each individual usually taking out his own diteh. The banks 
of the streams, especially of those eastward from the foothill region, are steep and high, so that canal ccmstruction 
is expensive. In the progress of iirigation the water is used first on the low bottoms, and in but a few 
instances is it carried back upon the bench land. Owing to the unregulated flow of the streams the cereals can not 
be raised as successfully as the forage crops, as the water becomes scarce at the time of the filling of the grain. 
Without irrigation crops are raised one year in five, but even then the yield is not as large as on irrigated land. 
The tributaries of the Tongue river, such as Goose creek, Wolf creek, Hughes creek, and other streams heading 
in the mountains, are well adapted for irrigation purposes, but those of the Powder river in this county, as for 
instance Clear creek, being farther from the mcmntains, are less favorable on account of the slight fall, the high 
banks, and the irregularity of flow. Almost <»very ranchman along Clear creek has his own ditch. The Powder 
river ofi'ers many difficulties to canal construction, and during the (tritical periods of summer maybe nearly dry. 

Sweetwater gointy is in the southern part of the state, west of Carbon county, including a great part ot 
the plain region which here is in the course of the continental divide. This region is not a plain in the strict 
sense of the word, the surfiu'e being in nniny places undulating and rough, but, on the other hand, it is not 
marked by decided ranges of hills. The elevation is approximately 7,000 feet, and the country is extremely arid. 
The little irrigation in the county is i)rincipally along the tributaries of (xreen river south of the town of (Treen River, 
there being a small amount on the Big Sandy at the northern end of the county. In the northern part of this 
cx)unty and extending into Fremont county is an extensive plain, bounded by (ireeu river on the west. There are 
projects for taking water out upon a portion of this level (*ountry, but the difficulties to be overcome are great on 
account of the low elevation of the water relative to the bluffs which border the plain. South of Sandy creek and 
between it an<l Bitter creek is another tract of great extent, and it is probable that attempts will be made to bring 
water u])on a part of it at least. South of the railroad the country is more rolling or broken, but farming is carried 
on along the small streams, the products being mainly for home consumption. Near the town of Green Kiver the 
attempt has been made to irrigate by means of water raised by a steam pump, but satisfactory results have not as 
yet been reported. 

Uinta coi^nty occupies the western end o*' the state, being a long, narrow strip extending from the 
Yellowstone natioujil i)ark to the Utah line. It thus includes on its western edge a portion of the Bear Kiver 
valley, and on the east a large part of the head waters of Green river. In the northern end of the county are 
several lakes at the head of Snake river, which flows southwesterly into Idaho, and descending rapidly crosses the 
great lava fields of the southern part of that state. These lava plains, lying at an elevation of from 4^MH) to 4,700 
feet, are of great fertility, and when the waters of the Snake are taken out up<m them they will be of incalculable 
value. The lakes and reservoir sites in the northern part of Uinta county have thus a great prospective value to the 
state of Idaho. 

Th(» greater part of the arable land is at an altitu<le of about 7,<K)0 feet. The country in the southern part at 
least is rolling, and the hills do not rise sufficiently high or steep to add to the water resources of the <'Ounty. The 
Bear river, rising to the south among the lofty summits of the Uinta mountains, flows northerly through the 
southwesterri corner of the county, then turns to the west into l^tah, again turns to the east and flows along the 
western border of the county, finally passing out into Idaho, where its waters in time of fiood enter Bear lake and 
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at other times, continuing through the corner of Idaho, turn southerly into Utah again, finally being lost in the 
Great Salt lake. Along the valleys of the Bear river in Wyoming are great hay ranches, comprising thousands of 
acres, and the water is used to a large extent. There are many excellent reservoir sites on the head waters in 
Utah, and the utilization of these is a matter of importance to communities in Wyoming, Idaho, and Utah. 

On the eastern side of the county are many small streams which tlow easterly from the high plateau or hilly 
country into the Green river, on the farther side of which is the great plain of southern Fremont county. The 
waters of these streams are used on the hay ranches in the narrow valleys, but the altitude is too great for the 
success of most agricultural products. It is stated that frosts occur nearly every month; for example, that in the 
past 10 years there have been only 4 months without frost. Some oats are raised and small crops of potatoes, and 
alfalfa has been tried, but without success. As a general thing there is i)lenty of water for all claimants, conflicts 
regarding rights being reported only in a few cases. 

In the high, rolling country the principal dependence of the irrigators must be upon the winter snow and the 
local storms. There are many good storage sites. The situation of this county with regard to storage systems is 
somewhat peculiar, from the fact that, as before stated, it contains the best location for storage works for Idaho, 
and, on the other hand, the reservoir sites on the Bear river are in Utah. Besides stock raising, the important 
industry of the county is coal mining, and the southern end of the county is comparatively well provided with 
transportation facilities, two railroads crossing and occupying the most important valleys. 

Wkston county is in the eastern part of Wyoming, lying south of Crook county, from which it was formed. 
It is west oi the Black Hills, and contains a portion of the head waters of the streams which, flowing northerly or 
southerly, pass around the BliR'k Hills and unite to form the Big Cheyenne river. The altitude of the county is 
about 5,000 feet, the greater part of the area being of the Great Plains type. Agriculture without irrigation is 
rarely successful, although crops of small grains, potatoes, and vegetables have been raised in years of unusual 
rainfall. Irrigation is comparatively new and is imperfectly carried on, the ditches being small and depending upon 
the unregulated flow of the streams. Water storage has not been attempted, although the creeks fluctuate greatly 
and are dry during the latter part of the crop season. The tilled areas are principally at the eastern end of the 
county, along Beaver creek and its tributaries, being thus in the vicinity of the mining regions in the Black Hills. 
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in tbesublmmid states, uaiiiely, North Dakota, South Dakota, Nebraska, Kansas, and Texas, 66,965 acres, or 
104.63 square miles, were irrigated in the census year ending May 31, 1890. The aggregate number of farms upon 
wliich irrigation wa« practiced was 1,552, the average number of acres per farm being 43. The term '^subhumid" 
as applie<l to extensive areas in the United States includes belts of country on each side of the arid region, these 
forming the debatable ground between it and the comparatively well watered regions east or west. The western 
subhumid region is much narrower than that on the east and the states crossed by it lie for tlie greater part within 
the arid region. On the other hand, the subhumid region on the east, crossing broad prairies, includes the greater 
part of the states above named. In this discussion of irrigation by states and territories it becomes a matter of 
convenience to classify these states under the one designation of subhumid, although their eastern ends are within 
hmnid regions, and in the case of Texas, at least, the western prolongation lies far within the arid region. 

Tl^e following table gives for each of the states under discussion the number of irrigators and other items. 
This table has been obtained by compilation of the enumerators' returns for eaeh irrigator in these states. 
Classifying these according to size, it has been found that of the 1,552 irrigated areas 7 were of 640 acres or 
upward, 12 of from 320 to (>40 acres, and 40 of from 1(50 to 320 acres. These 59 areas contained an average of 341 
4icres each, or in all 20,146 acres, a little under one-third of the entire amount in the 5 states. The remaining 
1,493 irrigated areas, under 160 acres in size, averaged 31 acres each and comprised 69.92 per cent of the total. 

:ni;mbek of irrigators, area irrigated, and average size of irrigated farms 

in the subhumid states in 1889. 
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COMPARISO.N OF COSTS AND VALUES. 

The average^ first cost of bringing water to the land tlironghout these "> states, as estimated from the 
statements of the farmers, was 84.07 per acre, while the average selling value placed by the irrigators nix»n their 
Avater rights whcMever these were transferable was $14.81 per acre. The average annual expense of water rental 
or of maintaining tlie ditches was $1.21 per acre, and the average cost of preparing the gnmnd for cultivation, 
excluding tlie (M)st of bringing water to the land, was $4.02 per acre, as given by the farmers. 

In the following table the more impcntant of the foregoing statements are ccmipared with those lor the 
iid joining states on the west, namely, Montana. Wyoming, Cohuado, and New Mexico: 

COMPAKATIVE CONDITIONS OF IRRIOATION. SI:H1II:MII) AND OTHER STATES, l«8y. 
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GENERAL DESCRIPTION. 

The country under discussion forms part of the Great Plains region lying west of the Mississippi and extending 
to the bavse of the Bocky mountains. The surface of this plain rises as a whole toward the mountains, the increase 
altitude on a line through Kansas and Colorado, for example, being from 1,500 feet up to 5,000 feet in a distance in 
of 400 miles, or under 9 feet per mile. The Rocky mountains in the northern half of their length in the United 
States have a decided trend to the northwest, and the plains sweep around far to the west, extending in northern 
Montana even beyond the meridian of Salt Lake city. Taking any north and soutli line nearly at right angles to 
the greatest slope and passing, for example, through western Kansas, it is found that the plains for the most part 
descend from the south toward the north, the highest points being on the IJano Estacado of Texas, where the 

■ 

general altitude is about 4,000 feet. On going northerly from this locality, and neglecting the river valleys, the 
surface through western Kansas is found to be at an altitude of about 3,000 feet, c<mtinuing, with slight 
undulations, to South Dakota, where the surface is about 2,000 feet, finally dropping off to or even below 1,500 feet 
on the north line of Dakota. This gradual northerly sloi)e of the Great Plains counteracts to some extent the 
differences in (jlimatedue to the position farther to the north, so that the contrasts in temperature and in other 
climatic factors are not as great as might be expected. 

The soil of this region, taken as a whole, is as rich as that of any j>art of the United States, and in almost 
every respect, save that of moisture, the country is an ideal one as regards agriculture, but unfortunately the lack 
of rain at critical times during the summer, together with the occasional hot winds so destructive to vegetation, 
renders doubtful the success of farming by ordinary methods. The amount of rainfall and the time of occurrence 
vary widely from year to year, decreasing as a whole for a few years and then increasing for longer or shorter 
periods, the duration of these oscillations being a matter of uncertainty. These nonperiodic oscillations of the 
annual rainfall are more noticeable in such a country, where in ordinary years there is hardly enough to mature 
the crops, for in the years when the amount of ])recipitation during the summer is a little above the .average 
the crop yield may be i)henomenally large. On the other hand, daring years of scanty rainfall the crops usually 
fail, reducing the poi)ulation to the verge of famine. 

These changes in the amount of moisture and the consequent suc4*ess or failure of crops have resulted in great 
hardship to most of the settlers, who, coming with small means and no experience in farming in such a climate, have 
lost their property and have been saved from starvation in many instances only through outside aid. Thousands 
of families have been compelled to leave their homes. Among the special schedules of the Census Office there are 
hundreds of statements re(riting the desperate situation of the people, especially in the year 1800, with many 
touching ap[>eals for aid. Although a large number of families have left this subhumid area, others are constantly 
coming in, and the iM>pulation as a whole does not show the rapid dexjrease whi<'h might be expected from an 
examination of in(livi<lnal statements. The change in pox)ulation is perhaps best shown by the statistics for 
western Kansas, in which state an annual census has been made. Taking, for example, the counties of Norton, 
Graham, Trego, Ness, Hodgeman, Ford, and Clark, and all those to the west of these, the total x>opuIation, as 
shown by the state census was, in 1883, 20,042; in 1884, 23,957; in 1885, 33,758; in 1886, 85,193; in 1887, 138,283; 
in 1888, 138,717; if I 1889, 121,071, and in 1890, according to the Eleventh Census of the United States, 102,394. 
According to these figures the greatest population was in 1888, this declining in 2 years by 30,323. 

In many respects the settler in a subhumid country is less fortunate than one in the arid region, especially it" 
his means are scanty. In order to secure the title to his land he must of necessity expend nearly or quite all of 
his money, and if his first crop is a failure his situation is desperate. Many h man in spite of this has been 
induced to endure great hardships in the hope that the succeeding year might be favorable and the crops approach 
the wonderful yield of which he has perhaps seen examples. More than this, there have been hopes held out of a 
permanent <;hange in the (tlimate, or that water can be procured in some novel way, or the rainfall increased by 
mechanical effects. On the other hand, the settler in the arid region knows that there can be no hope of success 
except by irrigation, and if he secures a water supjily he is reasonably certain of success, and is not called ujioil 
to endure years of privation while experimenting in methods of agriculture or waiting for a fortunate season. 

The fact that there is nearly enough rain to insure the success of crops in the subhumid region is not as great 
a benefit as is often inferred, for, as stated above, farmers are induced to take chances on the fortunate occurrence 
of rain at critical times, and in the long run they are disappointed. It is difiicult to convince the people in many 
localities of the necessity of developing to the utmost capacity every possible source of water supply and of 
maintaining and pushing forward the work even during years of unusual precipitation. There is a tendency to 
neglect systematic effort in this direction, and schemes projected in one year are sometimes droi)ped in the next. 
There are many localiti(»s where, in spite of poverty, it would be possible by united and persistent application to 
save storm water or develo[) other sources of su])ply. Kach year people are misled by some new theory which 
promises to increase the available moisture without involving the laborious construction of the class of works 
which have i)roved successful in the past. At one time they have been ex<;ited by anticipations of securing artesian 
water, again by hoi)es of <»mploying the so-called '• underflow '' or tin* ultimate suc<'ess of the rain makers. 

In view of the many failures reported from western Kansas and Nebraska, it is surprising to note the large 
acreage j'n eerea}s m this part of tlie country. According to the agricultural returns for the census year there- 
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were raised in the 32 counties iii the westeru end of Kansas 775,753 acres of cereals. Of this there were in bailey 
1,850 acres, in buckwheat 188 acres, in corn 523,030 acres, in oats 60,114: acres, in rye 58,324 acres, and in wheat 
120,247. In the 25 counties in the western end of Nebraska there were in all 749,871 acres of cereals, and of this 
there were in barley 5,942 acres, in buckwheat 980 acres, in corn 484,391 acres, in oats 98,537 acres, in rye 19,041, 
and in wheat 140,974 acres. The population in these counties in Kansas was, as before stated, 102,394 and in the 
counties of Nebraska 103,188. 

Although the area cultivated within counties in and adjoining the subhumid region a[)pears in the aggregate 
so large, yet on the other hand the yield per acre is relatively small and uncertain. The number of failures can not 
be ascertained, but in 1889 and 1890 it was so large that the majority of the population were discouraged and 
impoverished. The possibility of irrigation has been received with great enthusiasm, and most of the easily 
available sources of water have been employed to a greater or less extent, as shown by the number of irrigators. 
Is is obvious that only a small proportion of the agricultuial laud can ever be irrigated, but these relatively small 
areas upon which valuable crops can be raised with certainty are of the greatest importance in promoting the 
l>rosperity of the communities in which they occur. If a farmer can be sure of obtaining from a small area an 
amount of produce sufficient to furnish food for his family he will be less dependent on the success of his grain 
crops, or can devote the greater part of his land to cattle raising. The principal obstacles to the introduction of 
irrigation, besides lack of water, have been the prejudice and ignorance of the people regarding the subject. It 
has been fciired that if it were known that irrigation was necessary or even beneficial the reputation of the country 
would be injured. The sensitiveness on that point has tended to disappear, owing to the severe effects of the 
droughts of recent years, and there is a more general demand for the inti'oduction of systems of water supply.. 
For lack of knowledge of the best means of obtaining water and of applying it to the crops progress has been slow* 

WATER SUPPLV. 

The largest amount of water for irrigation is obtained from rivers which, heading in the Rocky mcmntaius, 
tlow in a general easterly course across the plains, emptying into the Missouri river or farther south into the 
Mississippi. These have an enormous drainage area and at certain seasons of the year carry a correspondingly 
large quantity of water. During the hot weather, when water is most needed, their channels, especially within the 
subhumid region, become nearly or quite dry. This is due both to losses by evaporation and to diversion of water 
by irrigating canals and ditches near the base of the mountains. Along ea<^h of these rivers, notably the Platte 
and the Arkansas, large canals have been built, receiving occasionally an abundant supply of water. Attempti^^ 
have been made to increase and render perennial the amount of water in these canals by continuing them up the 
river and in a general way piirallel to it at a grtide less than that of the bed of the stream until they have 
penetrated' water-bearing sands or gravel. Tlie amount of water obtained in this way has been relatively small,, 
but being available at a critical time it is valuable. 

A source of water sui)ply secondary only to that obtained from the large rivers is found in the springs or 
streams fed by them. These springs occur in great abundance in many parts of the eastern arid and the subhumid 
regions, water coming fiom coarse material, beds of sand and gravel, usually found below the surface marls. A 
small part of the rainfall finds its way down to these pervious beds, where it is stored, ultimately escaping 
wherever an opportunity occurs. The streams formed by the union of water from various springs are usually 
largest near their sources, dwindling in size rapidly from these points unless re-enforced by storm water. Their 
channels continue in a general easterly direction toward more humid regions, where the amount of water gradually 
increases, to be finally discharged into one of the larger rivers of the country. Many small ditches liave been 
built, taking water at points a short distance below the springs and carrying it out to (me or two farms. 

The third source of water supply is from wells drilled or dug through the surface clays or marls down to the 
water bearing sands and gravels, usually found at from 50 to 300 feet below the surface. A few of these fiow, 
especially those upon the lower lands, but the great majority must be pumi)ed, wind power being commonly 
employed. These wells seem almost inexhaustible by the machinery ordinarily used, and furnish water not only 
for <lomestic [)urposes and watering cattle but in many instances for gardens and trees. Their more extensive 
utilization 4br irrigation rests on the relative (iost of raising the water and the value of the products. A small 
amount of irrigation has been carried cm by means of storm waters held in suitable reservoirs. Theie are not 
many places where the topography of the surface is favorable for the construction of these, bnt all such localities 
will probably be utilized in the future. 

The examination of sources of water supply points to the conclusion that outside of the canals in a few of the 
large river valleys the development of irrigation depends upon the utilization in each locality of all of the available 
water, either in large or small quantities au<l from whatever source it may come, whether from springs, wells, or 
storms, and that it is imi)ossible to lay down any general scheme api)licable to the country as a whole. Each 
community must ascertain tor itself how and where water can be obtained if it is to be had, and having done so, 
tin; (juestion as to whether the water can be profitably employed is to be answered only by the results of practical 
trial. 
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The average distribution of rainfall by iiiontlis is comparatively aiiiform in the four northern st^ites under 
discussion. Taking all of the rainfall data up to 1889, as ftirnishod by the Oh:ef Signal OflRcer, it appears that the 
average annual rainfall at all stations for the time during which observations were made was for the Dakotas 19.30 
inches, for Nebraska 27.83 inches, and for Kansas 29.88 inches. These figures apply to the states as a whole, the 
average precipitation on the eastern side being greater and that on the western less than the figures given. The 
percentage of rainfall by months, on the contrary, is comparatively uniform across each of these states, to a certain 
extent, regardless of the total amount of precipitation. The following table gives in round numbers the average 
raiu£Bkll by months for the two Dakotas, Nebraska, and Kansas: 

AVERAGE PER CENT OF MONTHLY RAINFALL FOR SLBHUMID REGION. 



MONTHS. 



January . 
Ft^briiarv 
March ... 

April 

May 

Juuv 

Julv 



AugUHt 

September 
0<5tober.-- 
NovMnlior . 
DecenilMir. 



— 






DakotiiH. 


Nebraska. 

1 


Kaima^. 


3 


1 


4 


4 


3 


3 


5 


5 


5 


12 


11 


10 


15 


14 : 


15 


15 


16 


14 


16 


16 


15 


12 


n 


12 


7 


« 


8 


5 


1 


7 


3 


3 


4 


3 


3 


3 



From the above figures it is evident tliat April, May, June, July, and August are the rainy months, from 66 
to 70 per cent of the precipitation occurring during this part of the year. This is peculiarly favorable in many 
ways to agriculture, rendering it possible to cultivate crops in localities where, judging from the mean annual 
rainfall alone, their success would appear <loubtful. In Texas, as pointed out by General A. W. Greely, there is 
not the same uniformity throughout the state in the distribution of rainfall by months, there being more than one 
distinct type. Of the types mentioned by him two of most interest in this discussion are, first, that represented 
by the precipitation at Forts Sill, Griffin, and Elliott, in or near the '* Panhandle" of Texas, and, second, that by the 
rainfall at Forts Bliss, Davis, and Stockton, in the extreme western prolongation of the state. Taking the average 
in each of these groups, it appears that the first agrees fairly well with the figures above given; but in the case 
of the second, the greatest rainfall occurs later in the season, coining in August and Se[)tember, as shown by the 
following table : 

AVERAGE PER CENT OF MONTHLY RAINFALL IN TEXAS. 



MONTHS. 

tlaniiarv 

February 

Muri'li 

April 

May 

.luuf 

July 

AugUHt 

SfptfUlluT 

Oct^llMT 

November 

DtJcenilMT . . 



I "Panluwi- I WoHtom 
,dle', Texas. Texas. 



A 
4 

3 
9 
I.") 
]» 
11 
10 
]0 
II 



2 

:i 

4 

:i 

9 
14 
•JO 
•JO 

9 

4 



NORTH DAKOTA. 

In North Dakota irrigation was practiced in 1889 on farms in two connties, namely, Bufonl and Flannery, 
these being in the extreme northwestern corner of the state, north of the Missouri river. Water from artesian and 
pumped wells was u.sed to a greater or less extent on gardens and fruit trees in the eastern end of the state, but 
in this connection these comparatively isolated cases have not been considered. In Butbrd <iOunty the irrigated 
land is in the vicinity of Williston, the irrigating ditches lea<ling fi'om Muddy creek and its tributaries, and also 
from Stony creek, both of these flowing into the Missouri. In Flannery county the land is watered from Beaver, 
Jones, and other short creeks flowing southerly from the high prairies. The ditches have been built by oattlo 
owners mainly for the puqwse of raising forage crops and produce for home consumption. 
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NUMBER OK IRRIGATORS, AREA IRRIGATED, AND AVERAGE SIZE OF IRRIGATED FARMS 

IN NORTH DAKOTA IN 1889. 



COI'NTIKS. 



Total 

Buford .. 
Flannerv 



Number of 
irrigat«»rH. 



3 
4 



Area irri- 

j{ated in 

Mcrea. 



445 



180 
•205 



Averaee 

size of 

irrigated 

farms in 

acres. 






64 

60 
60 



GENERAL* DESCRIPTION. 

Ill various couuties throughout the western part of North Dakota farmers state that although the soil is rich yet 
no dei^endeuce can be placed upon the crops. There is rarely rain enough through the summer to afford suflftcient 
moisture, and in 1890 many of the settlers became completely discouraged and abandoned their homesteads. In 
Burleigh county, near the center of the state, it is reported that from 1880 to 1890 there were only three good 
crop years, namely, 1882, 1884, and 188r), the rainfall at other times being deficient, except perhaps in 1888, when 
the main losses were by frost. In any one county or group of counties it rarely happens that all farmers suffer 
alike. Usually there are local rains covering small areas, and thus one field or i)art of a farm may receive a fair 
amount of moisture while another part is dry. 

It is impossible to draw any sharp line between the counties needing irrigation and those which do not, but it 
is sufficient to say that on the eastern edge of the state there is usually an abundant rainfall, while on the western 
side '•^dry" farming rarely succeeds. The water supply is not especially favorable for the growth of irrigation. 
In the eastern part of the state, in the James Kiver valley and in that of the Red River of the North, are many 
artesian wells, but these can hardly be counted upon as a large factor in irrigation, being of far gn^ater importance 
for domestic and municipal supply. Besides, irrigation is not leally necessary, although of great benefit in 
increasing the yield per a<!re. The Missouri river flows through the state, entering near the northern end of the 
western side, and trending lii a general southeasterly and southerly direction. In this part of its course the 
river has a fall of only about 1 foot to the mile, and diversion of its waters into short canals is almost if not <iuite 
impossible. 

Flowing into the Missouri river from tlK> north are a number of creeks, receiving water from springs or from 
the drainage of the i)rairie like divide between the Missouri an<l Mouse rivers. Most of these streams are 
comparatively sliort, and some of them become almost, if not quit^, dry during the summer. By means of a proi>er 
system of storage s<»veral thousand acres could be irrigated in the valley along the Missouri. On the south or 
west side of the river the o])poi*tunities for diverting water are even worse than on the east. Most of the perennial 
streams have cut deep gorges, in whi<*h there is no bottom land, and many of them tiuctuat'e so greatly in quantity 
of water discharged that irrigation is almost impossible. 



DIVERSION OF MISSOT'RI RIVER. 

The practicability of diverting water from the Missouri river by means of a large canal built on a gentle grade 
has been frequently discussed, and hopes have been entertained that water c<mhl be brought over into the valleys 
of tin* James and Mouse rivers. It has been ascertained by the United States Geological Survey that the low 
water level of the water in the Missouri at the mouth of Milk river, Montana, is approximately 2,020 feet; at Fort 
Buford, at. its Junction with the Yellowstone, 1,855 feet; at Williston, Buford county, at the mouth of Muddy 
cre<»k, 1,820 feet, and at Bismantk, Burleigh county, 1,020 feet. The elevations of the lowest points of the 
divide between the Missouri river and the drainage basins of the James and Mouse rivers have been ascertained 
to be as follows: north of Dog Den Butte in Church county the lowest points are over 2,100 feet, while south of 
it the lowest gaps are rc^spectively 2,048 feet, 2,022 feet, 1,950 feet, and 1,923 feet, the last being at the head of 
Painted Woods creek. Where the Northern Pacific railroad crosses the divide the elevation is 1,S70 feet. A 
ditch starting at the mouth of Milk river, Montana, and constructed on a uniform grade of in<*hes to the mile, 
would have to be about 450 miles long in order to reaeh the divide in Sheridan county south of Dog Den Butte. 
It would then have an elvation of a little under 1,800 feet, or 70 feet lower than the lowest gap mentioned. The 
line for a ditch on this grade would be at an average* distance of about 5 miles from the Missouri for a length of 
400 miles, leaving tlie river at about the northern side of McLean county and passing to the north of Turtle lake. 
The land below this line is rich and suitable for agriculture, but it is aiq)arent from the above figures that such 
a project can hardly be considered as feasible. 

The country examine<l in the course of this survey along the northern and eastern sides of the Missouri river 
is a rolling plateau deei)ly cut in a few ])laces by coulees and bounded by bluff's along the Missouri river of from 
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200 to 400 feet in height. The divide between the Missouri aud the rivers mentioned above is marked by low, 
irregular hills, at the base of which are many small lakes or lake beds, some of these being as much as 4 miles in 
diameter. Most of these lakes have no outlet and as a consequence they are strongly alkaline. From others a 
small amount of water escapes, but this soon disappears in the dry cliannel during the summer at least. It is 
obvious that water am not be held by storage in any of these lakes except by enormously increasing the drainage 
area and concentrating, if possible, the flowing water at a single point. The lakes fluctuate greatly, water 
accumulating during some years and then diminishing during several successive summers. The same is true of 
streams which drain large areas of this prairie country. Tlie Mouse river and streams tributary to James river 
frequently cease to flow in summer, the water standing in pools in the beds. 

The prairies northeasterly from the Missouri have a rich soil, which in years of abundant rainfall produces 
heavy crops of wheat. Settlement has progressed rapidly near the railroads, but away from these few inhabitants 
are to be found. There is good grazing over the entire area, and along the streams are a few trees. Most of them, 
however, have been cut oflt'by the settlers. Attempts have been made to secure artesian water in a few localities. 
At Bismarck a hole was drilled to the depth of 1,200 feet, but without success. Ordinary dug or drilled wells 
jisually find a sujjply at from 50 to 100 feet or more. 

ARTESIAN WELLS. 

Flowing wells have been found in the eastern end of the state in the valley of the James river, and that of the 
Red River of the North, which forms the boundary line between this state and Minnesota. By far the gi'eater 
number of wells are in this latter arcii, there being but a few comparatively deei^ wells in the James River valley. 
The most northerly well in this area is that at Devils lake, in Ramsey county, which has reached a depth of 1,511 
feet. This is 3.5 inches in diameter at bottom, and delivers water at the rate of 60 gallons per minute. 

At Jamestown, in Stutsman county, about 85 miles south of the locality above mentioned, 2 other wells have 
been drilled, 1 to a depth of 1,523 feet. This is 8 inches in diameter at top and 3.5 inches at bottom. It delivers 
^ater at the rate of 167 gallons per minute. Another well has been drilled to the depth of 1,321 feet, but has been 
abandoned. At Ellendale, in Dickey county, 65 miles south of JamestowMi, a well 4.75 inches in diameter was 
drilled in 1885 to the depth of 1,087 feet, at a cost of $4,000. This discharges at the rate of 1,700 gallons per 
minute, furnishing water for city purjioses. The surplus is conducted for half a mile to a farm, where it is used 
for irrigation. These wells Just mentioned all obtain water from what is known as the Dakota sandstone. 

In the valley of the Red River of the North are a large number of flowing wells, both in Minnesota and in Korth 
Dakota. These range in depth from 100 to 200 feet as a general rule, though many are shallower or deeper. 
Taking the counties in order from north to south, these wells are reported in Pembina, Walsh, Grand Forks, Traill, 
Gass, Richland, and Sargent counties, North Dakota, and in Kittson, Marshall, Polk, Norman, Clay, Becker, 
Wilkin, and Traverse counties, Minnesota. All, or nearly all, of the wells in these ccmnties obtain water from beds 
of sand and gravel buried beneath thick, impervious strata of clay, all of these being the result of glacial action 
followed by the eftects of sedimentation from rivers and lakes. 

The water from these wells is used almost entirely for household purposes and for watering cattle. The 
amount from any one well is usually small, and would be almost insignificant for use in irrigation if it were 
ne(jes8ary to attem])t this method of agriculture. As it is, there is an ample rainfall, and large crops are raised 
almost every year. The water is usually clear, cool, and agreeable to the taste, although it often contains a 
notable amount of saline matter. Even when too salty for household use cattle will drink it eagerly. Many of the 
farmers in North Dakota stjite that the water from their wells injures or even destroys vegetation, and that it will 
kill grass and willows in a short time. This efl'ect is i>ossil)ly due in many instances to tlie low temjjerature of the 
water, and in others to the saline contents. 

Within the counties nu*ntioned almost every farmer has his own flowing well, and, if the water is good, he flnd» 
it a great convenience. The cost of these wells was formerly $1 i)er foot for the first 100 feet and $1.50 for the 
second 100 feet. At a later tim<» the ordinary contra(jt price was 80 cents for the first 100 feet and corresponding 
rates for greater depths. Nearly all the wells are 2 inches in diameter, although there are a few 4 inches or larger. 
These are mainly deeper wells, which often have larger flow. For all i)ractical purposes the shallow wells with 
small flow are as useful as Ihe larger, since even the smallest supplies sufficient water for house and cattle. As a 
general rule, it may he said that the water from these larger, deeper wells is more liable to be salty and of less 
value for all purposes. 
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SOUTH DAKOTA. 

Irrigation in South Dakota is practiced mainly in what are known as the Black Hill counties, on the western 
side of the state, namely, Butte, Lawrence, Meade, Pennington, Custer, and Fall River. In addition to areas in these 
counties a small amount of land is watei^ed by means of artesian wells in the eastern part of the state. The streams 
in the counties mentioned rise in the Black Hills, and, flowing outwardly in nearly every direction, finally unite, 
those on the north forming the north fork and the others the south fork of the Cheyenne river, these streams 
nearly encircling this mountain area. 

NUMBER OF IRRIGATORS, AREA IRRIGATED, AND AVERAGE SIZE OF IRRIGATED FARMS 

IN SOUTH DAKOTA IN 1889. 



COUNTIES. 



Total 

Butte 

Custer 

Fall River . 
LawTonco.. 

Meade 

Penninji^ton 



y umber of 
irrigatoFH. 



189 



I Average 
Area irri I size oi 
gated in | irrigated 
acreH. farms in 

acrcM. 



43 
22 

5 
65 

9 
45 



15.717 

4.2H2 
1.754 

419 
4.496 

690 
4,076 



8:t I 



100 
HO 
84 
60 
77 
91 



Among the mountains at the altitude at whieh timber is found there is an abundance of moisture for cereals 
and grass. These are raised to a considerable extent in the valleys or parks of this area. Lower, among the 
foothills, the rainfall is usually deficient, and farming without irrigation can hardly be said to be profitable. 
Whenever the rainiall is more ample than usual wheat, oats, corn, barley, and millet are raised. Many of the 
farmers in these lower valleys make a living by working part of their time at the mines, and in this way manage 
to maintain themselves through years of drought. Some of the settlers, failing to raise crops for several years in 
succession, have abandoned their homesteads. 

In the counties easterly from the Black Hills the rivers for the most part flow in deep, narrow channels 100 or 
more fe(^t below the general surface. During certain seasons of the year they discharge a considerable amount of 
water, but in summer the streams gradually diminish until they almost, if not quite, disappear. The small amount 
of water available during the irrigating season, together with the unfavorable topography of the country, renders 
irrigation by ordinary means impracticable. B(*yond the Missouri there are possibly a number of tributaries which, 
with storage, could be utilized, but at present the hopes of the farmers are centered upon the development of 
iirtesian waters. 

WATER SUPPLY. 

The principal streams used for irrigation in the Black Hills region are Redwater, Hay, Spearfish, False Bottom, 
Bear, and other creeks rising in the northern end of the mountains and flowing partly through Lawrence and 
Butte counties. On the east are Eapid and Battle creeks in Pennington and Custer counties, and on the south 
Beaver, Fall, and Cascade creeks in the southern part of Custer county and in Fall Kiver county. The ditches 
taking water from the creeks to the land are usually small, having been constructed by individual farmers or by a 
partnership, each person of which is entitled to a certain proportion of the water. 

The water supply is ample for the area now irrigated, but if the greater part of the ditches projected or under 
construction are completed there will undoubtedly be a deficiency, especially during the hot wiather. Most of the 
streams flow throughout the year, but they become very low during the summer, and a comparatively small diversion 
of water at that time will leave the channels dry. The greatest development of irrigation is in the vicinity of 
Ka])id, where there are from 8 to 10 ditches, a few of them of relatively large size. In the vicinity of Minnesela 
and to the south of it are also a number of ditches, and near Buffalo in Custer county. At this latter i)lace a well 
6 inches in diameter has been drilled to the depth of 800 feet in the hope of obtaining an artesian flow. Outside 
i)f the lower valleys around the Blaek Hills region are broken plateau and prairie lands stretching far away, upon 
which grazing is the only industry. Farming has been tried at various i)laces, but with little success, principally 
on account of the lack of water and of the occasional occurrence of hot winds. The soil on many of these table lands 
between the streams is good and a few fair crops have been raised. 

The Belle Fourche, or north fork of the Cheyenne, which receives the drainage from the northern part of the 
Black Hills, except in spring, is a small stream, and its banks are so high and the slope is so small that it will be 
hardly possible to divert any water upon the adjacent land. This, as previously stated, is the prevailing condition 
of the streams after they leave the foothills. There are a number of places in which reservoirs could be made, but 
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for the most part these localities belonf? to individuals whose opposing interests prevent concerted action toward 
their utilization. 

The Westside Water Supply Comi)any has constructed a ditch from Jle<lwater creek, beading about 1.5 miles 
southerly from the town of Miiinesela, in Butte county, and carrying water out on the west side of the creek. It 
is about 5 miles long, 6 feet wide, and cost $1,5(K). The ditch was first used in 1890. Heading on the same stream 
above this ditch is the canal owned by the Hedwater Land and Canal Company, taking' water out toward the north 
and east. The total length is estimated to be 35 miles, average width 12 feet, and the cost was about $75,000. The 
canal was made by enlarging and extending two ditches ])nrcliased by the company. Water lias been supplied to 
irrigators at the rate of from $1 to $1.;>0 per acre each year. 

The Little Giant ditch takes water from Kapid creek, in Pennington county, running out on the north side of 
the valley. It is 4 miles long, about Ti feet wide, and cost about $2,400. It is owned by farmers, who divide the 
water among themselves. The Lonetree ditch takes water below the Little Giant, the heatl being about 8 miles 
southeast of Rapid. This ditch is 5 miles long, about feet wide, and tlie cost was probably $4,500. In this 
valley, which is from 1 to 2 miles wide, the ditches are short and take water to comparatively few farms. The 
creek has a decided fall, and in places crosses from side to side, cutting into the bluft's on one side of the valley 
and then swinging across to those opposite. The various ditches, of which there are probably 8 in use, already 
(•over the greater part of the farming land from about 3 miles west of Rapid down to a point 12 miles east. 

ARTESIAN WELLS. 

The flowing wells in this state, as in North Dakota, are found mainly near the eastern end, extending in a 
broad belt southerly down the James River valley to the Missouri, the greiiter number being found in the southeastern 
corner of the state and mainly in the counties of Ronhomme, Yankt<m, and Clay. A few shallow wells are found 
near the northeastern corner of the state, in Grant county, these being in all probability similar to those in North 
Dakota and Minnesota, and marking the southern end of the artesian area of glacial origin. 

This state contiiins wells which have a very large flow. The amount of water from one of these wells compared 
to that generally coming from artesian sources is enormous. It is* however, usually greatly exaggerated, and it is 
ditticult in a nmtter of this kind, where local pride enters so largely, t4) arrive at the exact condition of things. So 
far as can be ascertained probably the largest well does not deliver continuously over 3,000 gallons i)er minute, or 
G.(>8 second-feet, although it has often been asserted that 1 or 2 of them flow at the rate of 10,000 gallons per 
minute. These large wells, in spite of the quantity of water they deliver, show no signs of exhausting the supply, 
although from analogy it is to be prc»sumed that as the country develops the number of wells will be increased 
until the discharge begins to show signs of diminution. 

Most if not all of the wells obtain water from the Dakota sandstone, which underlies the greati»r part of this 
state, as well as of North Dakota. Omitting the minor incipmlities, as a whole, the distance from the surface U> 
the Dakota sandstone becomes less in going from north to south or fnmi west to east, so that the shallowest wells 
are those on the James river and Missouri bottoms in southeastern South Dakota. East of this region of shallow 
wells, and notably in Minnehaha county, the Dakota sandstone abuts against crystalline rocks, which come to the 
surface, and in which no flowing water is found, although a well has been sunk to a depth of 000 feet. 

It should be noted that nearly all the more iu)portant wells, oi- at least those flrst drilled, are in or near towns, 
and that in many counties where wells exist none have been reported as being upon farms. This is due to the fact 
that the trial borings have been made nminly by nuinicipal corporations or associations of citizens for the purpose 
of obtaining a domestic sujiply of water, and it is only in localities where the wells are comparatively shallow and 
inexpensive that they have been put down to any extent by farmers. It is obvious that the ordinary farmer can 
not incur the expense of deep diilling unless he has more than usual assurance of success. 

Taking the ccmnties in geographical order from north to south, the most northerly wells are in Brown county, 
which adjoins Di(;key c«)unty. North Dakota. At Frederick a well over 1,100 feet in depth discharged, when 
completed, at the rate of 120 gallons a minute, while other wells at Columbia, Aberdeen, and Groton, averaging 
about 950 feet each, are leported to have discharged from 800 to 1,000 gallons a minute. In Marshall county, on 
the east, a well at Britton 1,(KM> feet deep flowed 850 gallons a minute. In Day county, at Andover, south of 
Brittonand east of Aberdeen, a well 1,000 feet deep flowed 250 gallons a minute. In Edmunds county, at Ipswich, 
30 miles west of Aberdeen, a well 1,270 feet in depth, is reported as discharging considerable quantities of soft, 
though slightly brackish, water. 

Taking next the counties to the scmth, the largest number of wells is in Spink county, the depth l)eing 
about 950 feet. These are found at Mellette, Ashton, Doland, liedfield, and other lo<*alities. Wells have also 
been drilled in Faulk county, to the west, and in Hughes, Hyde, and Iland counties, to the southwest, the well at 
Miller, in the last named county, being nearly 1,150 feet in depth, and discharging as high as 1,000 gallons per 
minute, and at Harold, in Hughes c(mnty, 1,450 feet deep, and discharging 150 gallons per minute. 

In Beadle county, south of Spink, the most notable group of wells is at Huron, where the depth ii^ about 900 
feet. The discharge from some of the wells of this county is enormous, and the pressure is sufficient to furnish 
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power for machiuery, such as priutinii: i>res8es and flouring mills. The largest well probably flows at the rate of 
nearly 3,000 gallons a minute, or about 6.6 second-feet, and is reported to have thrown a 2inch stream to the 
height of 90 feet. One well at least has been put down for irrigation on a farm near Huron. This well is 860 feet in 
depth, no water, however, coming in below 802 feet. It cost $1,800, is 4 inches in diameter, and discharges at the* 
rate of 600 gallons per minute. In 1890 about 40 acres were irrigated and in the succeeding year a])proximately 
100 acres. The pressure of the water at the surface of tlie ground is reported to be 120 pounds per square inch. 

Southerly from this, in Sanborn county, are many comparatively shallow wells, which supply a small amount 
of water for ordinary uses. Little if any of this water is used tor irrigation, since the amount from any one well is 
usually too small to be profitably employed. It is stated that the ground around some of these wells where the 
water is allowed to stand and evaporate becomes coated with alkali, and that plants have been killed by it. At 
Woonsocket are deep wells notable for their large amount of water and high pressure. One of them is rejiorted 
to have thrown a 4-inch stream 70 feet in height for a period of over five minutes, and to have a discharge of 
about 2,700 gallons per minute, or (>.2 second-feet. Such wells as these will be of great value for use in irrigating 
during years of deficient rainfall. 

In Miner county are many shallow wells simihir t^> those of Sanborn connty. Some of these wells of 100 feet or 
more in depth do not flow, although the water rises nearly to the top. In »lerauld connty, west of Sanborn, a well 
has been drilled to the depth of 71>9 feet, tlie water obtained, however, being alkaline and carrying a small amount 
of oil. Other attempts, with possibly bett^*r success, have been made. In the next tier of counties to the south 
many wells have been drilled, those near the western end being the deepest. For example, in Brule county, wells 
at Chamberlain and Kimball have depths of 1,(K)0 feet or more, and in Aurora, at Plankinton, and in the vicinity 
of White Lake, depths of about 900 feet, all of these yielding laige quantities of water. 

In Davison county, south of Sanborn, are comparatively few wells, and most of them are less than 200 feet in 
depth. Irrigation has been tried by means of water from these wells, and it is stated that the results have in the 
main been successful. Where failures ave reported it is probable that water has not been applied skillfully. 
In Hanson, east of Davison county, the conditions are very similar, the wells, which are comparatively shallow, 
being put down primarily for watering cattle and for household uses. Very little of the water has been used for 
irrigation, and in nmny instances the surplus water from the wells is regarded as a nuisance, since it occasionally 
injures vegetation, especially where the ground is already naturally moist. 

In McOook county comparatively few flowing wells are reported. There have been a number of failures, the 
drillers striking, it is stated, the hard cr^^stalline rock, which bars further progress. The water from the successful 
wells sometimes carries small amounts of iron, suljjhur, and other minerals, and a little petroleum. There have 
been a tew crop failures, and the farmers look upon irrigation as occasionally necessary. In Turner and Hutchinson 
(Huinties, south of McCook, the wells are ciuite shaUow, being generally from 80 to 100 feet in depth. They 
discharge small quantities of water, none of which, so far as reported, is used for irrigation. In Douglas county, 
west of Hutchinson, a well has been bored at Armour to a depth of abcmt 750 feet, furnishing water for town 
purposes at the rate of 1,400 gallons pei* minute. 

In Bonhomme, Yankton, and Clay counties, lying along the north side of the Missouri river, the wells are 
mainly from 300 to 400 feet in depth and furnish from 100 to 200 gallons per minute. They are found mainly on- 
the lower grounds near the river and in the »lames and Vermilion valleys. In Clay county they are so common 
that it may be said that there is one on nearly every farm. For stock and household use there is no (juestion as 
to the value of the water and the great benefits derived from these wells, but oil the subject of irrigation there is 
a wide range* of opinion. A few farmers state that by proper use of water the yield has been remarkable, 
especially during the first year. Others state that during the second year the results have not been as good ; 
that by too lavish use of the water alkali has developed upon the surface. Still, others state that the water from 
tlieir wells, if applied to the surface, destroys all vegetation. How far the last mentioned opinion is the result of 
ignoraiKte in applying the water or of prejudice against its use it is impossible at this time to judge. 

The wells in this ])art of South Dakota, especially on the low gi'ounds, are rapidly and cliea[)ly made. The prices 
quoted are fiom $75 for a 2 inch well of a depth of 275 to 300 feet up to $300 for a 3-inch well c^f from 300 to 350 
feet in depth. As a matter of course, the older wells, or those first put down, have in general cost more than would 
be the ])resent prices for the same work. Tpon the prairie, above the valleys, the wells cost more, from the fact 
that they must of necessity be deeper and are more liable to encounter gravel and stones. Thus the cost is from 
J?2:)0 to $300 for a 2 inch well and from $400 to $1,000 for one 3 or 4 inches in diameter. 

The pressure of nmny of these wells, especially those on the lower ground, is sufficient to operate small 
machinery, and farmers use water wheels for driving lihurns and cornshellers and doing other work. In a few 
instances the wells operate water rams, forcing a small quantity of water to buildings high on the blufts overlooking 
the river valleys. In Vermilion valley some of the wells do not flow, the water only rising within 30 feet of 
the surfa<je. In others the flow has decreased owing to stoi)j)age by sand, and many require frequent cleaning in 
order to keep the water running. 

Attempts to secure flowing water have been made in the western half of the state, but comparatively few of 
these are successful. Exploration, however, is ra])idly going forward, and it is only a question of a comparatively 
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short time before the wells at varioas towns will by Buccess or failure outline the limits of the artesian area. The 
only drilling in the extreme western part of the state as yet reported is one in Pennington county, 350 feet in depth, 
from which no water is obtained. 

NEBRASKA. 

In the following table are given in alphabetical order the counties within which irrigation was carried on 
4luring 1889. In the description, however, following the table, these counties, for convenience, have l)een groux>ed 
according to their geographic position. The figures of cereal production of the state show that the total area 
-devoted to the cultivation of cereals in 1889 was 7,961,909 acres. Taking all the counties in the western part 
■of the state lying beyond the one hundredth meridian, it has been found that cereals were raised upon 749,871 
acres, over one-half of this area being in Indian corn. Comparing the irrigated acreage with the cereal crop 
alone in this part of the state, it appears that all of the land upon which crops were raised by irrigation was only 
1.57 per cent of the area upon which small grains were produced. In this part of the state, where the climate is 
semi -arid, the average yield of the cereals per acre was considerably less than in the state as a whole; for example, 
Indian com yielding 17.33 bushels against 39,40 bushels per acre for the wliole state, and wheat 11.27 bushels 
against 13.23 bushels j^er acre. 

NUMBER OF IRRIGATORS, AREA IRRIGATED, AND AVERAGE SIZE OF IRRIGATED FARMS 

IN NEBRASKA IN 1889. 



COL'STIKJ*. 



Number of 
iirigattirs. 



Area irri- 
gated in 
acren. 



Total... 214 

Baunt^r 4 

Cheyenne • 36 

Dawen 12 

Deuel 4 

Dundy 4 

Keith 6 

Kimball 11 

Lincoln 37 

Ked willow 3 

Scott» Bluff j 70 

Sheridan 4 

Sioux I 23 



11.744 

218 

3,154 

267 

125 

41 

295 

441 

3,049 

72 

2,753 

13 

1,316 



Averase 
size of 
farms irri- 
gated in 
acn«H. 



55 

55 
AS 
22 
31 
10 
49 
40 
82 
24 
39 
3 
57 



NORTHWESTERN COUNTIES. 

In Dawes and the ad}oinin|]f counties of Sioux, Boxbutte, and Sheridan, in the extreme northwestern corner of 
Nebraska, are a few small irrigating ditches taking water out upon low land or meadows along the streams. The 
water is used mainly upon hay lands and for gardens or small patches of vegetables upon cattle ranches. 
The principal streams from which water is derived are Hat creek, which flows northerly into the south fork of 
Cheyenne river; White river, which also flows northerly into S<mth Dakota, and the head waters of Niobrara river, 
flowing ea^sterly near the state line. The water comes mainly from springs, and the strea-ms do not fluctuate as 
widely or with the regularity of the snow fed rivers of the Rocky mountains. The supply as a whole is very 
small and wholly insufficient for the needs of any general system of irrigation. In order to extend the area 
cultivated in this manner it will be necessary to store all of the water that can possibly be held, utilizing each 
favorable depression. 

The total area devoted to cereals in these four counties in 1889 was 146,103 tKues. Of this there were in 
l)arley 3,492 acres, in buckwheat 385 acres, in Indian corn 58,365 a(tres, in oats 37,307 a^res, in rye 2,449 acres, and 
in wheat 44,165 acres, the latter producing an average of 11.43 bushels per acre. There have been a number of 
years in which crops have failed entirely. In 1887 and 1888 the yield as a whole was good, but the light rainfall ^ 
of 1889 and 1890 did not furnish sutticient moisture and the crops were almost a com])lete loss, so that hundreds 
of farmers were without seed for the following year. The soil throughout this area is rich and with moisture 
produces abundantly. The hot winds, however, are apt to occur during the summer, and there have been heavy 
losses from hail. Water for ordinary imrposes is obtained from wells of from 50 to 150 feet in depth. One well 
in Sioux county is reported to be 298 feet deep, and tlu^ water is strongly impregnated with oil. 
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COUNTIES ALONG NORTH PLATTE RIVER. 

The counties of Cbeyeiine, Deuel, Sci^tts Bluff*, Banner, and Kimball form the soutliwestern corner of the 
western prolongation of Nebraska. The North Platte river flows diagonally through this portion of the state, and 
the South Platte crosses a corner of Deuel county, the two streams uniting some distance further to the east. On 
the 8<mth is Lodgepole creek, which flows easterly from Laramie county, Wyoming, through Kimball, Cheyenne, 
and Deuel counties, entering the South Platte. Throughout these Ave counties agriculture has been carried on in 
])laces since about 1885, but with varying success. In 1880 and 18H7 the crops were fairly good, but in 1889 and 
181K) the yield was very small and nmny of the farmers were reduced to poverty. 

The total area in these five counties upon which cereals were raised in 1889 was 54,814 acres. Of this there 
were in barley and buckwheat 423 acres, in Indian corn 43,819 acres, having an average yield of 5.96 bushels per 
acre, in oats 4,016 acres, in rye 617 acres, and in wheat 5,939 acres, with an average yield of 6.50 bushels per acre. 
The losses incurred during the years of drought have called attention to the necessity of providing means of 
irrigation and a number of projects have been undertaken, the principal source of water supply for this part of 
the state being the North Platte («), a large river, discharging many times as much water as the South Platte. 

Even during the dryest part of the year the amount of water in the North Platte appears to be sufficiently 
great to supply canals of considerable size, and when irrigation has been thoroughly developed it is probable that 
the available water supply will be somewhat increased by seepage. Beginning at a point in Wyoming above the 
st^ite line, and ext«*nding down through the counties above named, there are many localities favorable for the 
diversion of water. A number of irrigating ditches and canals have already been built, a few of these being in 
size comparable to those near the head of the South Platte. Surveys have also been made for great systems of 
irrigation, for whose construction millions of dollars would be required. The amount of land irrigated in 1889 is 
almost insignificant in comparison with the area later brought under ditch. In Scotts Bluff county the development 
has been esi)ecially rapid, although Cheyenne and Deuel counties are receiving their share of attention. 

Water is diverted mainly upon the valley land along the river. This is bounded by bluffs, in places rising to 
a height of several hundred feet, rendering it almost impossible to bring water upon the higher plains or plateaus 
between the streams. The soil on these higher lands is reputed to be better than that in the valleys, since it is 
less sandy and comi)aratively free from alkali. If canals succeed in bringing water to this height large areas, 
embracing thousands of acres of rich soil, can be watered. 

Through Sc^>tt8 Bluff county probably the greater part of the irrigation is carried on along the north side of 
the stream, where the topography is in places more favorable for the construction of ditches than on the south 
side. As the river is very shallow and the sand driits into the headworks, it is usually a matter of difficulty and 
expense to keep the water flowing into the ditches. Experiments have been made with the use of steam vacuum 
pumps to raise water, but the expense of ninning these hiis been found in many instances to be too great to be 
profitable. On the bottom lands from the Wyoming line easterly a number of farmers' ditches have been 
constructed and several large canals projected. The principal ditches are, on the north side, the Farmers, 
Enterprise, Winter Creek, Minatare, Alliance, Brown Creek, and Lee Creek, and on the south side the Laramie 
and Scotts Bluff*, Mitchell, Castle Rock, Chimney Rock, Belmont, Empire and Logan. 

The Farmers canal head&xm the north side of the river, 1 mile east of the state line. If consti-ucted as 
proje(!ted it will bie 75 miles long. Work was begun in the spring of 1888, and wat^r was used to a small extent 
in 1890. It is 14 feet wide on bottom, 6 feet deep, and is planned to have a grade of slightly over 1 foot y)er mile. 
This canal is owned by a corporation, and with the exception of the Minatare is stilted to be the only one selling or 

a In 1891 the state engineer of Wytiming madn tieveral nioasuremeiita above the mouth of Laramie river, and in the fall of 1892 the topo^apherH of the United 
Stateis (reological Survey gaugtHl the river at poiutM in Nebninka. The rtiHultH of thcHo different meaaurements are given in the following t«ble: 

<;Ar(;iXGS of north platte rivkr. 



UATKUJ. 



I^NUllitV. 



June 3, 1891 DoaglaM, Wyoming 

October 13, 1891 ! Fairbanks. Wyoming. . . 

November 5, 1892 ' DonghiH. Wyoming 

Decemlier 4, 1891 DouglaH, Wyoming 

September 14, 1892 ; North Platte. Nebraska 

Oct^iber 8. 1892 (;an!]) Clarke, Nebraska 

NovemlMT '>. 1892 North Platte, Nebraska 

NoviMnber 22. 1892 North Platte, Nebranka 



Drainage 

area iii 

nquare 

milen. 



14,6B5 
16. 77ri 
14,665 
14, 6(ir> 
28. 250 
25. 267 
28. 250 
28. 2.')0 



Discharge 

in Heron d- 

fiH^t . 



10. i:iO 
57» 

8(»7 

770 

335 

1.070 

1.370 



Fairbanks is some 50 mile:* or more below Douglas and about 12 miles above the mouth of Laramie river. The t4»wi. of North Platte, Neb., is n«ar and 
between the junction of the North and South Platte rivern. and ramp Clarke i-s about halfway between Fori Douglas. Wyo., and the town of Nt>rth Platte. 
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reiitiug water rights. . BnterpristMWch^lieads 5 miles east of the state line and covers laud between the Farmers 
canal and the river. iTIs^ miles ]ii length, and in its course is reported to cover about 8,000 acres.^^ 

Winter Creek canal he^;d« at a point nearly north of Gering, covering in turn land under the Enterprise 
canal. It is 14 miles long, 16 feet wide on bottom for the first 2 miles, then narrowing to 12 feet wide for the 
remainder of the distance. Stock in the canal is divided into 168 shares or water rights, esath of these entitling 
the holder to 26.5 inches of water. The water duty is estimated to be 1 inc^h per acre. The company owning 
this ditch was organized in 1888, and. the work of construction was carried on so that irrigation was practiced 
in 1889 and later with fairly successful results. The Minatare canal heads about 5 miles above the town of that 
name and covers a narrow strip of land along the north bank of the river. It is owned by a cori^ration composed 
mainly of farmers. It is about 10 miles long, the bottom width of the main canal being 30 feet and of the branches 
14 feet. Work was begun in 1888, and water was turned into the canal in August of that year. The appropriation 
calls for 864,000 cubic inches of water, whatever this may be. The capital stock of the company is placed at 
$50,000, and the ])ar value of a share is stated to be f 100. liiach share represents 40 inches of water. An 80-acre 
water right has been sold for $200. It is difficult to estinuite the actual cost of this work. In order to maintain 
and keep the ditch in repair there is an assessment of labor ami also a cash levy of about 810 per 80 acres to pay 
the salary of a superintendent. This is one of the first su(!(*essful canals in this part of the state, aiid on this 
aiconnt has attracted considerable attention. 

The Alliance, Brown Creek, and Lee Creek ditches head in successi<m down stream, being wholly within 
Cheyenne county. The Alliance is about 10 miles long, was built by farnuMs, and is reported to be highly successful. 
Brown Cieek canal heads east of Camp Clarke. The appropriation calls for 10,000 inches of water, and the work, 
when completed, is to be 12 miles long, 50 feet wide on bottom, and nearly 3 feet in depth. The Lee Creek is a 
snmll private ditch 7 miles long, heading near the lower end of Brown Creek ditch. 

Taking the canals on the south side of Platte river in order down stream, tlie first project of importance is the 
Laramie and Scotts_J31uil' caim4^.- On this, howev<»r, little if any construction work has as yet been done. It is to 
head in Wyoming, 6 miles west of the Nebraska line, and as planned is to bi(JO mile^ in length. The surveyed 
line follows along the bottom of the blufts or hills of the valley and covers all orTbelivailable land in Scotts Bluff 
county between these Jind the river. The grade for the first 40 miles is planned to be 0.5 feet per mile and from 
that point 0.75 feet per mile. It is estimated that the area between this and the other irrigation syst«'nis is 48,(M)0 
acres. 

The Mitchell canal heiuls in Wyoming, 1 mile west of the state line, and on that account possibly enjoys 
certain advantages over other irrigating systems taking water at lower points in the state of Nebraska. It is 25 
miles long and has a fall of 1.5 feet i>er mile. When measured in the fiunie over Horse creek the canal was carrying 
24 second-feet, at a time of low water. The stock of the company is divided into 370 shares of a par value of $100 
each. A share is understood to entitle the owner to th<» use of 20 iiu'lies of wat<»r upon 20 acres of land. The cost 
of a perpetual water right is also given at $7 per acne, or water is ivnted at the rate of $2 per acre. The annual 
cash assessment has been $3.10 per share, together with a work assessment of 2 days' labor per share. Construction 
work was begun in the fall of 181K), and water was used in the latter part of the following year in order to wet the 
ground for the following season. The canal is reporteil to cover 17,000 acn\s, and assuming that the cost of 
constru(!tion was, as estimated, $34,000, the average first cost of irrigation would be only $2 i)er acre. The cost of 
the prenaration of the land for cultivation was also estimated to be $2 per acre, an amount lower than in other 
parts of this district. In comparison with this the land under the canal is stated to be worth $15 per iuae and 
upward. The ( 'entral is a small ditch heading near Gering and covering a small area near the town. It is about 
4 miles long an<l is used both for irrig*iti<m and milling purposes. 

The Castle Kock canal heads about 4 miles east of (iering and exten<ls along the south side of the river for 
about 17 miles. The bottom width is KJ fB4*t, and the cost is stated to have been uj)ward of $1,000 per mile. 
Along the course of the ditch is one fiume 200 feet in length, but otherwise the work is comparatively simple. The 
ownership is in shan»s of $1(M> each, and the water rights are fixed at 40 inches for 40 acres. The irrigation works 
commonly known as the Chimney Kock take water from the scmth side of the North Platte river about a mile west 
of the Cheyenne county line and 12 miles west of Camj> (Marke. The main ditch is 10 mih\s long, and has a fall of 
1.66 feet per mile. It has been built by farmers, and the cost can not be a^scertained. Work was begun in 1889, a 
little irrigatitm being done in the following year. The <roj)s irrigated are wheat, oats, corn, barley, an<l fiax. 

The Belmont Irrigating Canal and Water Power Comi)any has constructed a canaMS.'"ih*s long, 40 feet wide 
on bottom at head, 3 feet deep, and with a grade of 2.r> feet i»er mile. The head is 4 miles west of Camp Clarke, the 
canal leaving the river and following along the upper edge of the bottom lands. The notice of appropriation was 
filed in December, 188!>, and constru<ti(»n work was begun in the following year. It covers 26,000 iicres, making 
the average cost of construction $4.75 per acre. A considerable* acreage under this canal was devoted t^) the 
cultivation of fiax, and the yield, 14 bushels to the acre, was considered to be a success. Twenty inches constitute 
a water ^ight, or water is rented at. $2 ; v*r a<rc. 
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The Eni))i]v is a small ditcli, headini^: h short distance below tlie Belmont, and covering land under that canal. 
It is 6 miles long, 3 feet wide, and the cost was very low, probably not more than from $1 to $2 per acre covered. 
The Logan is another small private ditch, about 2.5 miles long, irrigating a small strip along the river bank. 

Away from the North Platte a small amount of water is obtained firom Lodgepole and other creeks, and also 
from springs and wells. The wells are usually from 150 to 300 feet in depth, and when complete, including windmill 
and tank, cost from $300 to ^500. Tlie amount of water obtained is large and the supply can rarely be exhausted 
by windmills. Springs are found in many localities, and the water sometimes forms ponds of considerable size, 
finally escaping by evaporation. In the northern end of Deuel county the lakes are esx)ecially numerous, the 
waters from some of these probably esca])ing into Blue river, which flows southerly into the North Platte. In the 
valleys along Pumpkinseed creek and Lodgepole creek are a number of small private ditches, irrigating gardens, 
trees, and small arens of field crops, the water being utilized as far as possible without water storage. Lodgepole 
creek flows from the Laramie hills in Wyoming easterly across the plains, its water usually disappearing into the 
sandy soil. At [)laces, however, it appears on the surface during a part of the year at least, and can be diverted 
for irrigation. After crossing the state line into Nebraska the creek furnishes wat-er for several ditches, each taking 
out apparently all of the water at the point of diversion. As an example of these ditches, may be given that of the 
North Side Irrigating and Milling Company, heading about 8 miles west of Kimball. It is 4.5 miles long, averages 
8 feet in width, and cost $300. It was begun in 1880 and first used in 1890. The cost of water is stated to be about 
$1 an acre each season. 

KEITH, LIJSCOLN, AND COl'JSTIKS TO THE NORTH. 

Keith and Linc*oln counties lie northeasterly from Colorado, a corner of the first being adjacent to Sedgwick 
county, Colorado. Both the North and South Platte flow easterly through Keith county at an average of about 6 
miles apart, finally uniting their waters in the eastern half of Lincoln county. To the north are 2 tiers of counties, 
the first tier containing Arthur, McPherson, and Logan counties, and above these (Jrant, Hooker, and Thomas. 
Cheny county, whose area is greater than that of the just mentioned, includes the lands to the South Dakota line 
and adjoins Sheridan county, which lies on the west. Throughout these 9 counties agriculture is carried on in 
favorable localities, stock raising, however, being the i)rincipal industry. In Keith and Lincoln counties 84,590 
acres of cereals were raiseil in 1889, of this amount 58,421 acres being in Indian corn, with an average production 
of 22.94 bushels per acre, and 14,102 lujres in wheat, averaging 12.0(> bushels per acre. In the 7 remaining counties 
the t4)tal area of cereals was 57,578 acres, and of this there were in Indian corn 46,449 acres, producing on an average 
17.20 bushels i)er acre. The experience of several years has convinceil the farmers that greater success can be 
attained only by irrigation. 

The Niobrara river, which flows from Sheridan county across the northern end of Cherry county, furnishes a 
perennial supply of water, the quantity not varying greatly throughout the year. It flows through a narrow 
valley, canyon like in character, with little if any irrigable land along this part of its course. South of this stream 
are the North Loup, the Middle Loup, and Dismal river, its principal tributary. All of these streams receive their 
water from springs, and their discharge, like that of the Niobrara, tiuctuates within naiTow limits. It is stated that 
even in the driest weather the rivers do not f\ill perceptibly, and that after a rain they rarely rise more than a foot 
or so. The country drained by these streams (consists largely of wind sculptured sand hills rising to heights of 
from 10 to 200 feet and inclosing small valleys. The bottoms of some of these valleys are wet and crops of haj*^ 
can be cnt. The grazing on the sand hills is good, and the springs and lakes furnish water sufficient for the needs 
of cat tie. 

The Sonth Loup, rising in Logan county, is less regular in its behavior than the streams named above. It 
occasionally becomes nearly t)r (juite dry in summer down to the point where it unites with other tributaries. Its 
waters have been used to a small extent for the irrigation of kitchen gardens and trees. The wells throughout 
this area are usually from 150 to 300 feet in depth, and, wherever the owner has sufficient means, are pumped by 
windmills. On the high table-lands between the streams mentioned above are large areas of fertile soil, which 
would be very productive if water could be bad. There does not seem to be any means of securing the needed 
supply, except in a few localities, by storage of storm waters* or by pumping from wells. 

Agricultural develoi)ment of this part of the state by means of irrigation must of necessity be confined to 
th<» vicinity of the North Platte. Already a number of ditches, both in Keith and Lincoln counties, have been 
constructed and others are projected. Besides the river, there are a number of creeks coming from the sand hills 
north of the river in Deuel and Keitli counties which could be made to serve a considerable acreage of land on the 
north side of Platte valley. The poor cro])s of 1889 and 1890 stimulate<l the building of irrigation works. 
Among the most important of the side streams useful for irrigation are Blue and Birdwood creeks, the former in 
Deuel county, and the latter about 00 miles below in Keith county. 

Blue creek is about 30 miles in length, and, rising in springs among the sand hills, flows southwesterly and 
southerly into the North Platte. The volume of \vat4M* (tarried, as4n most of* these streams from the sand hills, is 
remarkably uniform througlnmt the year, excej^tiiig in times of heavy rains, when the flovy is somewhat increased. 
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The discharge, when measured, amcmiited to 105 second-feet. It heads in what is locally known as the lake 
region, a country dotted by lakes, some freah, others alkaline. Along its valley are lands adapted to irrigation, 
but only one small dit<5h has been constructed, this being on the west side about 3 miles above the mouth of the 
creek. A larger ditch could be taken out farther up the creek, covering a considerable area of land in the valley 
and on the Platte bottoms. 

The valley of Platte river eastward from Blue creek has a large and well distributed water supply. 
Numerous streams discharging from 3 to 5 second-feet during the summer couiefrom the sand hills and have a fall 
sufficiently great to allow of taking their waters to almost any point desired. Along Ott^r creek are a few 
small ditehes, aggregating about 4 miles in length, and also along White Tail creek is a diteh which irrigates 
lands in the open valley. Most of the water of these ditches is used in the production of hay, which, \7hen loaded, 
is valued at from $7.50 to $9 per ton. 

Birdwood creek is probably the largest tributary of the North Platte in western Nebraska. When measured 
in September it was discharging at the rate of 126 second feet, the flow not fluctuating greatly throughout the 
year. Near the junction of the east and west forks, and about 10 miles above the mouth of the creek, work has 
been begun on a ditch presumably for the purpose of irrigating some of the land now used for grazing. The 
valley of the creek is, however, narrow, the principal i)Ovly of irrigable land being near the mouth. 

On the south side of the North Platte river, about 3 miles above the mouth of Birdwood creek, is the head of 
the ;^V)rth Platte canal, covering laud between the North and South rivers. The total length of the canal idi 23 
miIe85^tlle^ average width 16 feet, and the cost is stated to have been $40,000, the laterals being built by farmers at 
ttieir bwn expense. Water is diverted by means of a wing dam built of timber and having a length of 1,550 feet. 
The canal is owned by a. corporation, which has sold peri)etual water rights at the rate of $6.25 per acre. The 
annual assessments aie not to exceed $10 for 80 acres. The unit of distribution is 1.44 second-feet per 80 acres. 
This is claimed to be the pioneer ditch of the region, being first used in 1885. 

During the summer the South Platte is often dry, and its surface flow can not therefore be depended upon 
for purposes of irrigation. In the fall the water gradually begins to flow again, and by November the discharge 
reaches several hundred second-feet. Three measurements of the amount in the stream were made by topographers 
of the United States Geological Survey shortly aft^r the fall rains. In October the discharge at Julesburg, Colo., 
was 653 second feet, in early November at the bridge south of the town of North Platte 460 second-feet, and lat^ in 
November at the same point 645 second feet. The bed of the stream is very broad, and during the summer after 
the disappearance of the flowing water the sandy channel, as well as the adjacent low land, renmins saturated to 
within a short distance of the surface. Attempts have been made to draw upon the water thus stored in these 
pervious beds under or adjacent to the river channel, bringing it out by means of ditches built at a less grade than 
that of the stream, in order to utilize this during the months of July, August, and September. One of these 
projects, built by the Ogallala Water Power and Irrigation Company, heads about 10 miles above Ogallala, on the 
north side of the stream. The dit^h is 12 miles long, about 10 feet wide, 1.5 feet deep, and has a grade of 1.5 feet 
per mile. It empties into a small reservoir covering about 20 acres, and located 1.5 miles northwest of the town. 
At the head of the ditch is a box culvert 10 feet wide, 3 feet deep, extending for about one-fourth of a mile up 
the river parallel to the bank, its upper end opening to receive the water whenever there is any in the channel. 
During the summer, when the bed is dry, it is expected to obtain water b}' means of an open ditch dug in the bed 
of the stream extending another fourth of a mile above this culvert. Water seeps into this ditch and culvert and 
is also collected by means of a small drain or channel extending from the head of the main ditch diagonally across 
the bed of the river. On October 1 there was found to be about 2 second feet thus obtained, and at a point 3 miles 
below the hea<lworks this little stream had increased to nearly 3 second feet. The drainage channel was first 
constructed in 1800 during the great di ^ught, but the amount of water obtained at that time was less than had 
been anticipated. The canal was built by a c<u])oration, but the county, or rather Ogallala precinct, voted to issue 
bonds to the amount of $35,000 to aid in the work. Little, if any. water has been used for irrigation, and the project 
is not generally considered as successful. 

On the south side of the river is what is known as the Uollingsworth ditch, owned by the South Side Irrigation 
and Water Power Company. It is about miles long and averages 4 feet in width. It carries water only in times 
of flood, being used to some extinit for irrigation in the early part of the year. When constructed it was sui>posed 
that a large perennial supply cimhl be obtained from the ground water saturating the pervious beds of the valley, 
but as a result of experiments in other localities less <'onfidence has been placed in this. 

Ah>ng the Platte river east of the junction of the north and south branches tire several small ditches and also 2 
canals of notable size, both of these being on the north bank. They were constructed, however, mainly for the 
purpose of obtaining water power, little, if any, of the water being employed in irrigaticm. The first of these is 
the Gothenburg canal, in Lincoln county, and east of this the Kearney canal, in Huftalo county. The head of the 
former is near Brady island, from which point it continues easterly for about miles, swinging back from the river 
and gradually mounting the lower bluffs to a point north of and above the town of (iothenburg, where it empties 
into a reservoir. From this the wat<jr is taken in large pi]>es to supjjly turbines, which in turn furnish power 
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to (lyiiuiiioH. The systeiu, as well as that at Kearney, fiirniahes an excellent example of the utilization of water 
power under what would at first appear to be unfavorable circumstances. In the case of this canal also it wa& 
hoped that the summer water supply could be augmented or rendered more constant by drawing upon the ground 
water, and at the head long trenches were constructed through the marshes and low lands in order to bring out 
this accumulated water. Teats were also made above the head of the canal in the old river bed of the Platte, and 
the engineer in charge states that after passing through 15 feet of sand and gravel a hard clayey layer 4 feet in 
thickness was reached; below this in turn were found sand and gravel, the water in the latter rising to the height 
of that in the upper layers. Similar trials were made for a distance of 1.5 miles up stream, all giving the same 
result. 

The Kearney canal is of interest more from the side of water power than from that of irrigation. The head ij* 
in the vicinity of Elm creek, and from that point it extends easterly for about 15 miles to a reservoir near town. 
Water is taken directly from the river, and during the summer the various rivulets flowing in the broad sandy 
channel are brought together and forced over to the north bank by means of a temporary obstruction of sods and sand 
laid diagonally up stream. Large amounts of money have been spent in excavating and making long trenches in 
the sands and gravels of the bottom lands. It is claimed that this work was at least partially successful, but 
apparently this part of the project has been abandoned. In addition to the canals built or i)rojected to take water 
from Platte river, plans have been made for utilizing the supply in the forks of the Loup river; for example, to 
cover lands near Brokenbow, in Custer county, and the town of Loup, in Sherman county. Both of these points 
are east of the one hundredth meridian, which forconvenien<*e has been assumed to be the eastern boundary of the 
irrigated region. 

SOl^THWESTERN COUNTIES. 

The counties of Perkins, Chase, Hayes, Frontier, Dundy, Hitchcock, and Jiedwillow are in the southwestern 
corner of Nebraska, east of Colorado. They lie mainly within the drainage basin of the Republican river, which 
flows in an easterly direction along the southern boundary of the state. During the census year irrigation was 
practiced to a very small extent, and at that time most of fhe farmers indignantly denied that it was necessary. It 
was only after the unusually severe drought of 1890 that the majority gave up hopes of making a success of ''dry 
farming". The serious losses of crops and the i)Overty prevailing at that time among the farmers caused many to 
leave this part of the state, while those who remained eagerly discussed the possibilities of irrigation, the few small 
ditches already constructed having proved the success of this method of agriculture. 

Th(» surface of this part of the state as a whole falls from the Platte river southward toward the Reimblican, 
and this, combined with the general easterly slope of the plains, gives the diagonal, southeasterly trend to these 
streams and allows their head waters to approach to within a few miles of the Platte. It is stated in the report by 
Samuel Aughey on the physical geography of Nebraska that the Republican receives by seepage a portion of the 
waters of the Platte. It is probable, however, that the rainfall upon the pervious beds of this part of the state 
will fully a<»count for the presence of springs supplying the tributaries of the Republican. On the divide between the 
Platte and the Republican and the numerous tributaries of the latter stream the soil is unusually fertile, and with 
sufficient rain i)roduces largely. Many farmers state, however, that during 4 or 5 years they have not been able 
to raise a fair crop, and one person writes that the average yield per acre for 10 years in succession has not been 
one-third of that in the eastern part of the state. In these 7 counties in 1889 cercids were raised on 406,720 acres. 
Frontier county containing the greatest area, namely, 101,026 acres. Taking the counties together, there were in 
barley and buckwheat 1,533 acres, in Indian corn 277,337 acres, averaging 19.65 bushels per acre, in oats 43,473 
acres, in rye 12,030 acres, and in wheat 72,347 acres, averaging 11.17 bushels per acre. 

The principal water supply of this area is derived from Frenchman creek, which rises in Phillips county, 
Colorado, flowing easterly through Chase and Hayes counties into Hitchcock county, where it joins the Republican. 
This creek flows throughout the year without great fluctuations. The Republican river, on the other hand, has been 
nearly or quite dry during the summer, in that of 1890 no water appearing in the bed, although the sands and 
giavels beneath the surface remain saturated. In this year construction was begun on a number of canals 
designed to take wat^r from both of these streams and to carry it out upon the valley lands. The soil of the 
divides between the rivers might be made fertile as well as that of the lower irrigable giound, but the elevation is 
too great to render it profitable to conduct the ci)mparatively limited water supply the required distance. The 
wells on the higher ground are from 100 to 300 feet in depth, depending u[)on the elevation, water being found 
at approximately the level of that in the valley streams. 

In Chase and Hayes counties ditches have been taken out from the Frenchman and its principal tributary, and 
farther down the stream are canals covering land in the vicinity of Culbertson. On the Republican are ditches at 
short intervals from near Wray, in Yuma county, Colorado, taking water (mt in the vicinity of Haigler, Benkleman, 
Trenton, Culbertson, McCook, and Candnidge. Apparently some of tliese have been projected with little regard 
to the amount of water available, and it is only a question of ji short time when, during the dry seasons, there will 
be a deficiency and only a portion of the land under dit<lies can be watered. In the case of many of the new 
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canals deiieudeuce \s being placed upon the water which remains saturating the sands of the river bed jifter the 
stream has dried. The amount of water in these sands, as previously stated, is apparently inexhaustible by 
ordinary methods of pumping, but for the needs of several irrigating canals it is small. One of the earliest systems 
of irrigation is the canal of the Haigler Land and Canal Company (formerly the Farmers Colorado and Nebraska 
Ditch Company), which takes water from the south side of the north fork of the Republican river near the town 
of Laird, Colo. It is 13 miles long, averages about 8 feet in width, and cost $5,000. Farther east, near the 
town of Benkleinan, are what are known as the Porter ditches, and farther down, near Culbertson, are the works of 
the Culbertson Irrigation and Water Power Company and of the Cambridge and Arapahoe Irrigation Company, 
both of these being on the north side of the creek. On the south side of the Republican are the Farmers, Trenton, 
and Meeker ditches. -^.^^ 

The Culbertson canal was begun in 1890, and was planned to life^^Ojniles l)i length, 32 feet in width near the 
hea<l, and to cost^rrO,0()0. It is estimated that a supply of 400 second-feet can be obtained, and that the lands 
can be irrigated at the rate of 200 acres to the second-foot. The Meeker ditch heads at the junction of Frenchman 
creek and Republican river, south of the town of ( 'Ulbertson, and from this point continues easterly, covering land 
south of the river to and beyond MeC'ook. The line as surveyed <»xtends to a point southeasterly from (.'ambridge, 
and then swings back from the river to tbe vicinity o\' Wilson ville. The amount of water available from the river 
seems hardly sufficient to supply such a long canal. So far as known, systematic records of the amount of water 
in these streams have not been kept. Two gaugings, however, were made, showing that the discharge of 
Frenchman creek in late November was 177 second-feet, and of Re[)ublican river above Frenchman creek 209 
second-feet. These measuiements were made after several days of heavy rains and snow storms, and the 
quantity of water was greater than during the summer. Judging from the statements of the residents of this 
locality, the average summer discharge of Frenchman creek is somewhat less than 175 second-feet, and the 
Republican above this Junction possibly discharges about 200 second-feet throughout the winter, the quantity 
.fluctuating widely <m a<*couut of the irregular floods. 

ARTKSIAN WELLS. 

These wells are principally iu the northeastern part of the state, the largest number being in Knox, Cedar, 
and Dixon (counties, on the south side of the Missouri river, opposite Clay and Yankton counties, in South Dakota. 
There aie also a number of shallow wells in the valley of the Blkhorn river, in the southern half of Holt county, 
about 75 miles southwesterly from the group first mentioned. There are also reported to be a few shallow flowing 
wells in Seward county, about 30 miles west of Lincoln, the capital of the state. The wells iu Cedar and adjoining 
counties probably n^ceive their water supply from the Dakota sandstone, this being the southern end of the 
developed artesian area, while tiie small flowing wells of Holt and Seward counties obtain water from gravels of 
comparatively recent origin. 

In Knox county, at the Sautee agency, a well has been drilled to the depth of 604 feet, at a cost of $1,500, the 
discharge, however, being only i) gallons per minute. This small amount is accounted for, in part, by the statement 
that the well is on higli ground. The small wells nearer the Missouri river disehar^je more freely. In Cedar 
county a large number of wells have been put down in Bow valley and near the Missouri river, these being mainly 
employed for watering cattle. Little if any of the water hns been used for irrigation. Some of the wells have 
stop])ed flowing, clogged by sand, or the leakage through the casing is so great that none of the water reaches the 
surface. In Dixon county tlie wells are on the bottom lands, near Newcastle. Irrigation has never been tried, 
although the wat^er is reported to be good, and the excess in a few instances is used for fish ponds. 

In Holt county the flowing wells consist simply of a pipe from 1.25 to 2 inches iu diameter, driven thnuigh the 
clays, sands, and gravels to a depth of from 50 to 185 feet, or until an ample supply of water is found. The water, 
which is clear and cold, usually rises to the surface, or even to a height of 5 feet or inon» above. The temperature 
is probably too low for the water to be used immediately for irrigation, even if it were desirable to do so. These 
wells cost, on an average, $48, and can be obtained almost anyw here on the low ground. A deep well (> inches in 
diameter has been started at O'Neil, the county seat, the intention being to drill down to the Dakota sandstone, 
and a depth of about 1,450 feet has been reached. Water, if obtaiiuMl sutticiently pure and in large (|nantities, 
will be used for city purposes. 

The wells in Seward county reported t<» be flowing are at Heaver ('rossing. They are very shallow and have 
been put down for the purpose* of obtaining water for stock. Kast of this locality, at the city of Lincoln, a well 
has been drilled to the d(»pth of 985 feet, obtaining a large amount of water at various depths, some of this being 
strongly saline. Still farth<»r to the east, in Otoe and Nemaha counties, which border on the Misscmri river, are 
several borings from which salt water flows. At Knadilla a salt well 280 feet in dei>th discharges at the rate of 
:V2 gallons an hour. South of Lincoln, in Cage county, a well at Beatrice has been drilled t4) the depth of 1,200 
feet, but without success. 

Throughcmt central and western Nebraska no flowing wells, with possibly (me or two excei)tions, have been 
found. Water for domestic purposes and tor watering cattle, as a rule, can be obtained only by drilling to a depth 
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of from 100 to 200 feet, wiiidinilLs beiii^ uned to raise it to the surface. In many places springs abound, but these, 
compared to tbe needs of the people, are very small and widely scattered. In Boxbutte, Cherry, Cheyenne, and 
neighboring counties, in the northwestern part of tlie state, tlie common wells are reported to be from 35 to 250 f(»et 
in depth, and in Deuel county from 140 to 300 feet. In Frontier county, toward the southwestern part of the 
state, it is stated that water is very scarce, and that the wells, which are upward of 300 feet in depth, are often 
pumped dry in from 1 to 2 hours. In Custer and Dawson counties, about the center of the state, the wells, notably 
on the high ground, are 300 or even 400 feet in depth, costing about $1 per foot. None of tliese, except possibly 
one or two on the bottom lands, discharge any water. In McPherson county one small well, 28 feet in depth, is 
reported to discharge a small amount. 

KANSA8. 



In Kansas, as in Nebraska, the counties are discussed in groups according Ui geographic position, those in the 
northern part of the state being considered first and then the group next adjoining on the south. In the 32 
counties in the western end of the state in 1889 there were raised 775,753 acres of cereals, the greater i)art, namely, 
523,030 acres, being in Indian corn, the average yield of which was 13.43 buwshels ])er acre, or about one-third the 
average for the w^hole state. Second in importance to this was wheat, there being 126,247 acres, averaging 10.23 
bushels per acre, while the average yield of the state was 19,21 bushels per acre. The area irrigated is almost 
insignificant, it being only 2.08 per cent of the acreage i)r(>ducing cereals. 

NUMBER OF IRRIGATORS, AREA IRRIfiATED, AND AVERACiE SIZE OF IHRKiATED FARMS IN KANSAS IN 1889. 



TotAl 



Cheyenne. 

Clark 

DtKiatnr .. 
Finney . . . 
Fonl 



Gove 

Graham — 

Gray 

Hamilton .. 
Hodgeman . 
Kearny — 



COUNTI«8. 



Number of 
irrijfator*. 



519 



Area irri 

gSiUdd in 

acres. 



20,818 



Averase 

size oT 

irrigated 

farms in 

acres. 



40 



COUIfTIKS. 



Number of ' 
irrigators. 



6 1 


539 


90 


2 


550 


275 


10 ! 


248 


25 


162 1 


9,151 


56 


116 , 


1.807 


10 


3 


9 


3 


14 . 


202 


14 


4 


266 


67 


8 


1.130 


141 


6 


70 


12 


91 


5.218 


57 



Kiowa . . 

Lane 

Logan .. 

Meade . . 

Norton.. 

Pawm^e 

liawlins 

Scott... 

Sewanl . 

Shoridan 

Wallare. 

Wichita. 



5 
4 
9 

25 
4 


16 
3 
3 
7 

13 
2 



Area irri- 
gated in 
acres. 



15 
48 

112 

603 
27 
92 

323 
24 

146 
23 

206 
9 



Average 

size of 

irrigated 

farms in 

acres. 



3 

12 
12 
24 

7 

15 
20 

8 
49 

3 
16 

5 



NORTHWESTERN COUNTIES. 

Cheyenne,' Rawlins, Decatur, Norton, Sherman, Thomas, Sheridan, and Graham counties in the northwestern 
corner of Kansas are drained for the most part by tributaries of the Republican and Solomon rivers, both of 
which streams tiow easterly and then southeasterly into the Kansas river. Springs flowing throughout the 
year furnish water to these streams, keeping up a nearly constant supply near the head waters. At some 
distance below the springs the streams dwindle during the hot weather to a mere thread, and a few of the minor 
tributaries become dry. A small amount of irrigation has been successfully carried on, as shown by the table 
above, the water being diverted by a few ditches. The method of applying water more commonly in use in 
this part of the state is what is known as subirrigation. Dams are built across the small streams, holding the 
water until it backs up and covers the bottoms, in this way completely saturating the ground, and by percolation 
moistening a large area of low land in the vicinity. The principal streams employed in irrigation are the south 
fork of the Republican, Beaver, Sappa, and Prairie Dog creeks, and the north and south forks of Solomon river. 

In these 8 counties cereals were raised in 1889 on 5.*J4,445 acres. Of this there were in barley and buckwlieat 
l,12(i acres, in Indian corn 374,501 acres, producing on an average 15.68 bushels per acre, in oats 40,379 acres, in 
rye 3(>,093 acres, in wheat 81,746 acres, averaging 10.28 bushels per acre. Some of the farmers state that for 
many years in succession, owing to the deficiency and irregularity of rain, they have not been able to raise a 
profitable crop, although the soil is remarkably fertile. On ac^count of failures of crops many farms have passed 
into the hands of loan and trust companies, the owners not being able to pay the interest. The hope of ultimately 
irrigating the land has prevented many of the farmers from leaving the country. 

The rain storms on this level country are often violent, and are therefore not as etticient in wetting the soil as 
longer and more gentle showers. The country as a whole consists of rolling prairie, but slightly cut by the creeks, 
1090 iH IS 
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and even where too dry for cultivation it is valuable for stock raising. Water is brought to the surface by means 
of windmills, from wells of from 50 to 250 feet in depth, and is utilized mainly in watering cattle, a few gardens 
only being irrigated in this manner. Above St. Francis, in Cheyenne county, is the ditch system, known as the 
Emerson, taking water from the south fork of the Kepublican river, the head being near the state line. These 
ditches are to be continued along the southeastern side of the river, down to St. Francis, passing by one or two 
reservoirs in which surplus water can be stored for use in time of need. Under these is a ditch known as the 
Benkleman, heading about 5 miles lower down, and keeping nearer the river. 

WEST CENTRAL COUNTIES. 

Wallace, Logan, Gove, Trego, Greeley, Wichita, Scott, Lane, Ness, Garfield, and Hodgeman counties include 
the central portion of western Kansas lying nortli of counties traversed by the Arkansas river. As in the case of 
the region farther to the north, small areas scattered through this region are irrigated by water obtained from 
springs or small creeks formed by springs, or in a few cases by pumping from deep wells. The suppply is not 
sufficient for general irrigation, but it hfis enabled experiments to be made in many localities demonstrating the 
value of artificial watering. The counties lie within the drainage basins of the Saline and Smoky Hill rivers, 
both of which flow easterly into the Kansas river, and on the south include part of the head waters of Walnut 
creek and Pawnee fork, flowing into the Arkansas. These streams receive most of their water from springs 
discharging throughout the year almost without change. During the summer season the creeks shrink to 
insignificant proportions, and without some method of holding water they are of little importance in irrigation. 
By diverting the water, near the points where it issues from the ground, and using it before much of it has time 
to evaporate a larger acreage can be watered than at lower points. 

The rainfall is exceedingly irregular, and even if there happens to be plenty for part of the crop at least there 
is liability of loss by the hot winds occurring in July and August. Some of the farmers state that they have tried 
year after year, but have not succeeded in raising a profitable crop. They have lost nearly all their possessions in 
attempting to farm and only remain through hopes of the introduction of irrigation. The total area upon which 
cereals were raised in 1889 in these 11 counties was 132,426 acres. Of this there were in barley and buckwheat 
364 acres, in Indian corn 77,106 acres, averaging 6.84 bushels per acre, in oats 10,145 acres, in rye 15,514 acres, 
and in wheat 29,297 acres, averaging 11.62 bushels per acre. The total population was 26,014. 

The greater part of this area is a gently undulating plain cut in a few places by ravines, or draws, a^ they are 
locally called. The surface of the soil is in most places so packed by the tramping of animals that it seems to be 
impervious. Below this and extending to depths of from 50 to 100 feet or more is a porous material resting upon 
beds of sand or gravel. This latter deposit is saturated with water, and to ordinary pumping machinery the 
supply seems almost inexhaustible. Hopes have been entertained that by suitable machinery some of this water 
can be brought to the surface at a cost so low that it can be profitably used in irrigation. Attempts have been 
made to secure artesian wells, but unfortunately without success. At Jetmore, Hodgeman county, a hole has 
been drilled to the depth of 1,000 feet without obtaining flowing water, and at Lamed, Pawnee county, salt water 
lias been struck. Water is diverted by means of ditches from Beaver or Ladder creek, from Rose creek near 
Wallace, and from a number of other streams. Most of these are very short, only about a mile in length. Among 
the most important of these ditches is that belonging to the Elkader Water Power and Irrigation Company, taking 
water from Beaver creek. It is 3 miles long and about 3 feet wide. It was begun in 1888 and it was used to a 
small extent in 1890. 

COUNTIES ALONG ARKANSAS BIVEE. 

Hamilton, Kearny, Finney, Gray, and Ford counties are traversed by the Arkansas river, which flows in a 
general easterly course from Colorado. Water for irrigation is diverted from this river by means of several large 
canals, hejiding in succession from a point near Synicuse down to and beyond Dodge. This stream is about the 
only source of supply, except in the case of wells from which water is pumped to irrigate a few acres. 

Agriculture without irrigation has l>een attempted in many localities in these counties, but the results have 
been so discouraging that many farmers have abandoned their homes and with their few movable possessions have 
gone to other states. The soil on the plains, especially to the north of the river, is fertile, and the climate is 
favorable to agriculture in all respects except that of moisture. Although many attempts at farming have been 
made by i>ersons from various parts of the United States and Europe, having all degrees of skill, comparatively 
few have prospered, the most suc*cessful persons being those engage<l in raising cattle, the buffalo grass ftirnishing 
excellent grazing. The total area upon which cereals were raised in these 5 counties in 1889 was 51,587 acres. 
Of this there were in barley 410 acres, in Indian corn 33,009 acres, averaging 9.22 bushels per acre, in oats 10,002 
acres, in rye 3,05(5, and in wheat 5,110 ai*res, averaging S.OO bushels per acre. 

The soil on the so-called table lands or plains is superior to that in the valley of the Arkansas, this latter 
being more or less sandy and occasionally impregnated with alkaline salts, but the higher land can not be brought 
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under irrigation except to a Rmall degree by long canal lines or by storage reservoirH. Water for domestic use 
is obtained by means of wells of from 30 to ■iOO feet in depth. Some of these are pnmped by wiadniiUs, but the 
supply obtained by this means is too small for the irrigation of more than a few acres. 

Ill 1889 a preliminary lioe was inn by engineers of the United States Geological Survey to determine the 
possibility of diverting the water of the Arkansas upon the high lands in Hamilton and Finney mantles. This 
survey, starting about 10 miles west of the Kansas-Colorado line, followed along the north side of the river, the 
line passing about i miles north of Syracuse and 8 miles north of Kendall. It then turned and passed northerly 
across the high land. This work showed that if water could be stored in sutlicieut (juantities to supply all the 
canals it would be possible to bring under irrigation a large part of the land in the counties north of and adjoining 
the Arkansas in western Kansas. In slioit. the amount of land which can be wat^-ivd is only limited by the 
available i^npply. 

The Arkansas river, although having a large drainage area, is a somewhat unsatisfactory stream for purposes 
of irrigation. The greater part of the water is divert<*d for use in Colorado long before the stream reaches the 
Kansas line, and the channel of the river iu the comities name<l above is occasionally dry, the duration of drought 
being apparently longer in the lower counties than in those up stream. During June and into July there is 
usually a period of high water, iliiriug which the canals can be filled. There has been general complain t-among 
the farmers regarding the irregularity of water supply and of the methods of canal control. Some of the canals 
were built with the intention of obtaining a supply of water from what has beeii termed the "underflow", or water 
saturating the permeable beds of sand and gravel nndor or adjacent to the river. The amount of water thus 
obtained lias been too small to rei>ay the outlay. Addetl to this the fact that manyofthefarmersare not skilled iu 
irrigatioji, it results that there is more or less dissatisfaction, intensified by the too sanguine hopes of great benefits 
to be received from this method of agriculture. The annual cost of water and the uncertainty of obtaining it each 
year have deterred many farmers under the canals from attempting to irrigat«. Those, however, who have received 
a sufficient supply and have nsed it to advantage have prospered. 

HAP OF IRRIOATINO CANALS ALONG ARKANSAS RIVER IN WESTERN PART OF KANSAS. 




The principal canals in order from the Colorado line easterly are on the north side of the river, the Alamo, 
Amazon, Southwestern, Kansas, Garden City, Eureka, ami Pawnee canals, and on the south the Western canal 
and Sonth Bodge. The Alamo canals take wat«r out on the north side of the Arkansas river, canal 'So. 1 heading 
about (i miles below Coolidge and canal No. 2 about 5 miles lower down, being abt>ve Syracuse. Both of these 
flow in a general parallel course to and beyond Syracuse. The total length i« 20 miles, the average widtli 15 feet, 
and the total cost was $17,000, The canals were begun in 1888 and used to a small extent iu the succeeding year. 
The comitany does not sell water rights, but delivers the water each year for about $1.50 [>er acre. 

The Amazon canal of the Syndicate Lands and Irrigation Comi)any was projected to take water from, below 
the bed of the river by means of a deep trench heading about :i miles above Ilartland in Keiirny county, the 
canal continuing to a length of upwards of 100 miles. Water first useil from the canal was diverte<l from the 
river by means of a temporary wing dam of soda, the permanent inlet not having been constructed. Ko perpetual 
water rights aic sold, hut tlie chu"ge for water has been 92 an acre. 
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Tbe-Sttuthwest^ini caual, owned by the Southwestern Irri^iifation Company, heads about a mile above H artland. 
Kearny countyT^unTlonows along the river on the north side in a general northeasterly direction. It if^"^ •' 




long and 20 feet wide. Below this are the J vansa s jiixd^^Garden City canals, both belonging to the GardeiTCity 
Irrigation Company. The length of the ftrst is 20 miles and the average width 16 feet, and the length of the 
second is 12 miles and width about 12 feet. Both of these cover land in the vicinity of Garden City. Water is 
<lelivered to the land at the rate of $1.25 per acre, no rights being sold. Under many of these canals there has 
been considerable difficulty in persuading the ftxrmers to use the water in a proper way or even to employ it at all^ 
and as a rule more water has been turned on to the fields than can be properly used. 

The canal of the Kansas Water Works and Irrigation Company, formerly known as the Eureka, takes water 
froma trench on the north 'side'^'tlie Arkansas, west of Ingalls, Gray county. The total length of the canal is 
mile^^the average width 30 feet, depth about 4 fC/C^t, and the cost is stated to have been 82,000,000. It was begun in 
18?^*rtrte<l in 1887, and finished in 1889. The first 40 miles consist of a series of heavy cuttings in rock and earth, 
no flumes being used. The grade of this i)art of tlie canal is about 20 inches to the mile, while the average fall of 
the Arkansas river here is 7 feet per mile. Thus in tlie neighborhood of Dodge the canal has attained a height of 
about 100 feet above the river, and, having reached the top of the bluffs, continues to Spearville and Kinsley, l>eing 
for the- greater part of the way on a hnv table-land or plateau, where the topography is such that water can be 
taken out by laterals on each side. The canal is owned by a corporation, which sells water to farmers, water 
rights being valued at $15 per acre, subject to an annual assessment of $1 per acre. It is considered that 1 miner's 
inch per acre under a 4-inch pressure is sufficient. 

» It was the original intention to divert water by means of a dam in the Arkansas, but the structure built for 
this purpose was washed away by a flood in 1890. This attempt having failed, a trench, known as the gathering 
channel, was excavated parallel to the river at a depth of about 10 feet below the level of the stream and for a 
length of nearly 2 miles. It is proposed to lift water from this gathering channel or reservoir into the canal by 
means of four centrifugal pumps, each capable of delivering 10,000 gallons of water per minute, or 35.66 second-feet, 
and all driven by 2 engines of 40 horse-power each. It is claimed that'when the water is lowered from 4 to 5 feet 
by means of the pumps the inflow is so great that the supply appears to be inexhaustible by such means. 

The Spiith Dodge cjanal, owned by the Western Kansas Water Works, Irrigation, and Land Company, is on 
the south side of the Arkansas, the headworks being about 6 miles west of Dodge. It continues in a general 
southeasterly course and at a distance of about 3 miles from the river, ending at Mulberry creek, near Fonl. The 
total length when completed will bS\30 mll^s, and the average width about 20 feet. It is projwsed to supply water 
during the summer to this canal by means of 2 centrifugal pumps drawing from a gathering channel similar to 
that on the north side of the stream. 

The canal of the Western Irrigation and l>and-Company heads on the south side of Arkansas river about 1.5 
miles west of Hartland. The main canal is 25 miles in length, and has a width of from 30 to 35 feet near the 
upper end. The company has also (•onstructed 35 miles of laterals of from 8 to 12 feet in width. The total cost is 
stated to have been $100,000. 

COUNTIES SOUTH OF ARKANSAS KIVKR. 

Stanton, Grant, Haskell, Morton, Stevens, Seward, Mea<le, and Clark counties include the area in the 
southwestern corner of the state south of the Arkansas river. These are for the most part situated within the 
drainage basin of the Cimarron river, or creek, which cuts across the southeastern corner of Colorado and flows in 
a northeasterly direction through Morton, Stevens, and Grant counties, then turns nearly at a right angle and 
continues through Seward and Meade counties, finally crossing the south end of Clark county. This stream and 
some of its tributaries are the principal source of water supply south of the Arkansas. It is a small, shallow 
streiim, hardly more than a brook, at some parts of its course flowing throughout the summer and at others the 
water during the hot weather occasionally disapi)earing through evaporation, (a) A few ditches have been 
constructed at various points along the banks of the Cimarron, and surveys have been made in order to determine 
in a general way the feasibility of largcj- irrigating systems depending for their water supply in part at least upon 
storage. 

Many farmers state that they have tried for at least five years to raise crops, but have failed in nearly every 
season. The rain is very irregularly distributed, and while some farms may receive it in one year, others do not. 
All crops and fruit trees do well in the early months of the year, »»ut during the long, dry summer, with its hot 
winds, they wilt and die unless a rain storm happens to occur at the critical moment. In these 8 counties cereals 
were raised in 1889 on 57,295 acres. Of this there were in barley and buckwheat 138 acres, in Indian corn 38,414 
aiTCS, yielding 8.30 bushels per acre, in oats 5,588 a<*res, in rye 3,061 ji(*res, and in wheat 10,094 acres, the average 
yield of wheat being 6.60 bushels per acre. 

The largest dit<-h in use in 1889 was that of the ('laremount Land and Irrigaticm Company, taking water from 
the ('imarron river, the head of the ditch being near the northeast corner of Beaver county, Oklahoma, 3 miles 



a When in«>aHure<l on Octobor 23, 1892, by toiK>gra|>h<«rM of the Uuited Stutea (ftM>K>tficul Survey tlui discharge was foiimi to be a trifle less than 15 eecond-feet 
ftt apuict ouehalf iiiiU> below Arkalon, Kan. 
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south of tlie Kansas Hue and a short distance west of the one hundredth meridian. The total k^igtli of the ditch, 
which ends in Clark county, Kansas, is 8.5 miles, averaj^e width 15 feet, and the cost was $6,500. The ditch 
was built to water the Claremount ranch, there being very little demand for water along the line of the ditch in 
Oklahoma. The supply is not sufficient for the land under the ditch, especially during the summer. The water 
is used mainly to irrigate crops sown in the fall, namely, wheat, rye, and barley, it having been found that one 
irrigation in fall, winter, or spring insures a crop. In Beaver county, Oklahoma, are other ditches taking wat^r 
from the Cimarron, and also one ditch from Paladora creek, in Grand valley, this stream receiving its water from 
springs. 

ARTESIAN WELLS. 

In Kansas there are two small groups of artesian wells in tlie southwestern corner of the stat€, in Meade 
and Hamilton counties, and also several deep wells in various parts of the state, some of which discharge small 
quantities of water, this being, however, usually saline. In Meade county the wells range from 50 to 210 feet in 
depth, averaging 153 feet, and with a flow of 49 gallons per minute. Nearly all of them are only 2 inches in 
diameter, and consist simply of a pipe forced through the unconsolidated clays and sands. The wat^r is reportetl 
to be pure and sweet and suitable for all uses. It is employed in irrigation as far as possible, since there are many, 
seasons in which no crops can be successfully raised without the application of water. The first flowing wells were 
sunk in 1887, and since that time, with the number increase<l each year, no decrease in the snpply has been noted. 

In these wells great trouble is frequently exi>erienced on account of the fine sand which flows in and rapidly 
fills the pipe. This comes with great rapidity at times and in almost inexhaustible quantities. There appears to 
be little regularity in the sti*atification of these wells, and it is reported that water is struck at irregular <lepths, a 
well on high ground frequently rea<ihing a flow at less dej)th than one on lower ground. 

In Hamilton county, along the Arkansas river, near Coolidge, and also over the line in Colorado, are a few 
deep wells flowing from 10 to 50 gallons per minute. One of these, 275 feet in depth, 5 inches in diameter, flows 
at the rate of 20 gallons per minute. The owner has built a reservoir in which to store the water to be used for 
irrigation. In Morton county, in the extreme southwestern corner of the state, a well was drilled in 1888 to the 
depth of 700 feet. This is reported to deliver water at the rate of 30 gallons per minute, irrigating a garden 
containing vegetables, corn, and trees. In other parts of this county water is i)umi)ed from shallow w^ells by means 
of windmills. At Santa Fe, in Haskell county, a well has been drillwl to the depth of over 1,000 feet, but it 
has been abandoned, although water is reported to have risen to within 50 feet of the surface. 

Northerly from this locaUty, particularly in Logan county, wells are put down to the depth of 300 feet and over 
in order to obtain water. This usually rises to within 100 feet of the surface. In Trego county, about the center 
of the western half of the state, a well was sunk to the dei)th of 650 feet at Gibson, obtaining only a little water 
at the bottom. Southeasterly from this latter locality, in Pawnee county, on the Arkansas river, at Lamed, a well 
910 feet deep, 8 inches in diameter, drilled in 1888, at a cost of about $3,500, yields a small amount of water carrying 
a notable amount of mineral matter. This is reported to flow to the height of 10 feet or more above the surface 
and to be highly medicinal in character. Xear Great Bend^ in Barton county, brine has been encountered. At 
Jetmore, in Hodgeman (jounty, 45 miles westerly from Larned, there is reported to be an unsuccessful well 1,000 
feet in depth. 

In Reno county, easterly from Tawnee, ordinary water wells are obtained at depths of from 10 to 30 feet, water 
being brought to the surface by pumps usually driven by windmills. The prevalence of a large amount of water 
saturating the porous beds beneath the surface has given rise in this part of the state to certain ideas concerning 
what is called the ^'sheet water", popularly supi)Osed to be flowing beneath the surface. The structure and 
character of the unconsolidated layers beneath the surface promote the retention in considerable quantities of the 
water which falls as rain or snow throughout that ])Jirt of the state, so that wells dug or pipes driven down to 
these porous layers receive an ample snpply. 

In the northeastern part of Kansas several deep wells have been drilled. For example, in Marshall county, 
at Marysville, a hole was bored for coal to the depth of 1,300 feet, encountering 4 water bearing strata. The casing 
has been pulled, and the water, saline in character, now flows in a small stream. Westerly from Marshall county, 
near Jamestown, in Cloud county, there is rei>orted to be a flow of brine. About 50 miles east of Marysville, at 
Sabetha, in Nemaha county, the railroad company has drilled a well to tlie de])th of 200 feet, the water, it is 
re])orced, flowing to the surfiice. 

In the eastern end of the state water is pumped from wells 100 feet or more in depth, and in Miami county are 
a number of gas wells which have encountered salt water at depths from 200 to 300 feet. South of here, in 
Bourbon county, near the southeastern corner of the state, are deep wells, scmie put down for gas, a few of which 
are reported to discharge a little water. Southeasterly, in Neosho county, it is stated that mineral water is 
obtained at dei)ths of 100 feet, and in Montgomery county there are probably a few flowing wells on low land. 



/ 
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TEXAS. 

PANHANDLE COUNTIES. 

Ill the following discussion of the condition of irrigation in Texas during the census year the counties are 
taken up in groups according to their geographic position, those in the northern extremity, known as the 
"Panhandle" of Texas, being mentioned first. Included in this area are the counties of Lipscomb, Hartley, 
Hutchinson, Hemphill, Oldham, Carson, Donley, (Collingsworth, Hall, Floyd, and Motley, where there were in all 
22 irrigators and 56ij acres upon which crops were raised by the artificial application of water. These counties 
and the adjoining counties are mainly upon the Staked Plains, where the rainfall is usually sufficient to produce 
good crops of wheat, oats, barley, potatoes, and grass. The soil throughout this region is very fertile, and with 
sufficient moisture the yield is always large. Irrigation may be regarded as exceptional, being practiced in only a 
few localities where water can be readily had. 

In Hartley county is a small ditch from Romero spring, and in Hutchinson county another from a creek 
tributary to the Canadian. South of this, in Carson county, water can be obtained only from wells, this county 
being on the high divide between the Canadian and Red rivers. Here all kinds of stock, both in summer and 
winter, find feed on the wild grasses. Water for stock is obtained by means of wells of from 200 to 350 feet in 
depth, and is raised by windmills, no flowing wells being reported. In a few instances steam power has been 
introduced for the puri)ose of pumping water, the supply of which at the depths given is apparently inexhaustible. 
In Hemphill county, farther down the Canadian river, a little irrigation is practiced, above the town of Canadian 
by means of water from Clear creek. Farther south, in Childress county, water is obtained from wells of from 40 
to 150 feet deep, none of these flowing. South of the Red river, in Hardeman and Wilbarger counties, test wells 
have been drilled, in the former to the depth of 1,200 feet without success, and in the latter reaching salt water at 
320 feet. 

TRANSPECOS COUNTIES. 

Ill El Paso and the adja(;ent counties of Jeff Davis, Reeves, Ward (a), Presidio, and Pecos thqre were 178 
irrigated crop areas, having a total of 8,039 acres. These counties lie in the extreme western end of Texas, south 
of New Mexico and north of the Rio Grande. The surfiice of the greater part of this region, known as Transpecos 
Texas, is composed largely of short mountain ranges having a general northwesterly and southeasterly trend and 
rising abruptly from the plains which surround them. These plains are composed of light materials washed or 
blown from the mountain masses, and the soil is rich and highly productive whenever irrigated. Various 
nutritious grasses, the most valuable of which is known as gama grass, are to be found on the plains and hill 
slopes, furnishing excellent pasturage for cattle. The water supply, however, is so deficient that during a great 
part of the year there is not enough for cattle to drink, and thus vast areas are rendered useless. 

IiTigation is carried on at a number of places along the Rio Grande from El Paso down to Presidio both in 
Texas and in Mexi<*o. There is a large canal heading at El Paso and carrying water of the Rio Grande to Ysleta, 
San Elizario, and other small towns down to Fabeiis. This canal is reported to be 40 miles long and 60 feet wide 
at the head. Besides this large canal, lately completed, each town has its own aeequia, which has been in use for 
a century or more. The supj)ly of water in the Rio Grande is ample in most years excepting in the months of 
August and September. In 1889 and 1890 the river ceased flowing about the latter part of July and the bed 
remained dry until late in the fall, so that the necessities of water-storage were more clearly seen than ever before. 

Above the town of El Paso is a suitable locality where, by the construction of a dam at the narrow pass near 
the town, an enormous amount of water can be held for use during the dry months. This locality has been carefully 
examined by the United States Geological Survey, and it has been found that by the constmction of a dam 60 feet 
high above the river bed a lake about 14 miles long and 4 miles wide would be created. This lake would contain 
over 500,000 acre-feet, and of this amount at least 200,000 acre-feet could be made available, an amount sufficient to 
increase the area under cultivation along the river by at least ten times. The water supply at this point is discussed 
under the head of Donna Ana county. New Mexico. Among the high mountains there are unquestionably many 
localities at which flood water can be held in storage reservoirs. In a land utterly devoid of perennial streams, 
waterworks of this kind have more than usual value, from the fact that they render available vast areas of 
pasture land, and in some instances render possible the development of the mineral w^ealth of the country. 

In Jett* Davis county, in the vicinity of Fort Davis, a small amount of land is irrigated. Also in Pecos county 
areas of considerable size in the vicinity of Fort Stockton and to the north of this, toward the Pecos river, are 
cultivated by means of water fi6m springs. These springs form small creeks, of which the principal are Comanche, 
Leon, Santa Lucia, and Santa Rosa. A number of ditches take the water from these creeks and bring it out upon 
the ranches near the southern edge of the Pecos valley. 

In Pecos valley some lan<l was cultivated in 1889 by means of water from the Pecos river taken out by the 
Uardman canal, Pe<*os River canal, and other ditches. The princi])al canal, however, is farther up the river, in 

(( Wunl county ih included in ihin pnmpiujj. .iltliuitji^ii ruHt oi the Pwoj* river 
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Beeves county. This is the Pioneer canal, heading about 10 miles northerly from Pecos and carrying wat(»r 
tmt on the west side of the river in Reeves county. The main ditch is 3.75 miles long and 30 feet wide. Water is 
to be diverted by means of a brush and stone dam, raising the level about 2.5 feet. At its lower end the main 
ciinal branches, the East Valley canal being carried across the Pecos river into Ward county, and the West Valley 
canal continuing down to and beyond Pecos. When completed there will be about 30 miles of branch or distributing 
ditches covering the lands between Pecos and Barstow. The cost of the water right is about $10 per acre and 
the annual assessment $1.50 per acre. The canal is rapidly approaching completion, allowing the cultivation of 
large areas. Throughout this part of Texas small patches of land are cultivated wherever sufficient water can be 
found. Corn, wheat, oats, and barley, beans, cotton, and fruit are thus raised. It may be said that planting and 
harvesting go on continually throughout the year. Often two crops of corn are raised on the same land, or one 
croj) of wheat followed by one of corn; three or four crops of peas are obtained each year, and vegetables are to 
be had at all seasons if there is sufficient water. 

The method of irrigation along the Rio Grande is in general that ])eculiar to old Mexican settlements. Water 
is usually applied to the land by flooding within small borders or ridges of earth, these borders being a foot or 
more in height and about 18 feet apart, dividing the land into sciuares t)r rectangles. Water is allowed to flow 
from one square to another until the surface of the ground is completely saturated. This method requires a large 
amount of personal attention and care on the part of the irrigator. Attempts have been made in various parts of 
this region to find water by deep wells. 

Along the Texas and Pacific railroad, through western and trans]>ecos Texas, wells have been drilled in 
nearly every county, but often without success. In Mitchell county, at Colora<lo city, the well, 1,120 feet in depth, 
reached salt water, while that to the west, in Howard county, passed through salt water for about 300 feet. In 
Midland county a hole 350 feet in depth did not reach flowing water, and in Ector county, at Odessa, a well 830 U'^t 
in depth was a failure. At Pecos, however, in Reeves county, artesian water has been found, but farther to 
the west the deep wells have not been successful so far as flowing water is concerned. In El Paso county a well 
at Torbert 1,100 feet in depth has been abandoned. Another, at Sierra Blanca, 943 feet deep obtains plenty of 
brackish water, but does not flow. At Finlay a well 1,080 feet deep did not reach goixl water and was abandoned, 
and at El Paso no water was reac'hed at 800 feet. 

COUNTIES NEAR THE HEAD WATERS OF BRAZOS RIVER. 

In the counties lying on or near the head waters of the Brazos river 31 irrigators were reported, having an 
irrigated crop area of 185 acres. These (counties are Taylor, Jones, Shackelford, Young, Baylor, Wichita, Wise, 
together with the neighboring counties of Hood and Somervell. Nearly all of this land is irrigated by water from 
wells, either flowing or raised by windmills. At Abilene, Taylor county, a small acreage is irrigated by a ditch 
from Cedar creek and also by windmills. Nearly all crops can be raised in ordinary seasons without irrigation. 

In several instances farmers liave constructed reservoirs to hold rain and flood waters. In Young county, for 
example, a reservoir is being built by a farmer, the dam for which is 700 feet long, 140 feet wide at base, and 40 
feet at top. Water is to be brought to this in part by a dit<^'h running around the hillside to enlarge the drainage 
area tributary to the reservoir. When full about 5 acres will be covered to a de])th of from 8 to 10 feet. This 
water will be distributed by means of pi[)es and open ditches. In Somervell county nearly all the irrigation is 
being done by artesian wells, although in the valleys large areas could be covered by ditches takeu from perennial 
streams. In the vicinity of Glenrose there are at least 60 artesian wells, from 200 to 400 feet in depth. The cost 
ranges from $150 to $500 each. The water has been successfully used to irrigate cotton, Indian corn, ribbon cane, 
and garden vegetables. It is asserted that there are 200 of these wells in the Paluxy valley. 

TOM GREEN AND ADJOINING COUNTIES. 

In Tom Green and other counties on the head waters of the Colorado river and extending to and including 
Lampasas county there were 159 irrigated (Top areas, having a total of 5,531 acres. These counties, named in 
order are, Martin, Midland, Iri<m, Tom Green, Concho, Menard, McCuUoch, Coleman, Brown, San Saba, and 
Lampasas. Water for irrigation is taken principally from the small tributaries near their heads, comparatively 
little being diverted from the main streams at points where they have attained a size suffitnently, great to be called 
rivers. The more southerly of these counties, especially San Saba and Lampasas, are noted for the large springs 
which form the nmin source of supply for the creeks. A few of these springs discharge as much as 5 second-feet 
and are so situated that tlie water can be used for running machinery, such as flouring mills. Many of these, 
however, have not been utilized in any way and the water runs to waste. 

The Concho river and many of the creeks supplying it rise in the edge of the Staked Plains and flow in a 
general southeasterly course nearly parallel with the Red fork of Colorado river, with which it Anally unites. All 
of these streams can be utilized for irrigation, since it would be a matter of comi)aratively small expense to divert 
water iipon the fertile valleys or even upon the ]>lateaus bounding these. The Concho especially otters opportunities 
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for irrigation, the discharge being probably more constant than tliat of the other rivers and the lands to be irrigated 
at a relatively low altitude. 

In Menard county the greater part of the area- irrigated is covered by the ditch of the Vaughan Agricultural 
and Mechanical Company, taking water from the south side of the San Saba river. This stream is fed mainly by 
springs and flows throughout the year. The head of the ditch is 4 miles west of Menardville. Thelength is about 
9 miles, average width 8 feet, and the cost was $20,000. The annual charge for water is $2 per miner's inch, 100 
miner's inches being the quantity discharged through a box 10 inches square under a head of 2 inches* Under 
this canal small gi*ain is irrigated at intervals of from 12 to 15 days, corn at from 15 to 20 days, and cotton at from 
18 to 25 days. 

The value of irrigation in this locality may be judged from the fact that land worth $1.50 per acre before being 
brought under irrigation is after the introduction of this method of agriculture valued at $50 an acre at least. By 
thorough watering it is reported that from 1 to 2 bales of cotton per acre are raised, while on the same land without 
water less than one-fourth bale can be raised. The annual charge to the irrigators is $2 per miner's inch a year, 
an inch being supposed to water an acre. Water is applied to the cotton by running it in furrows, and to small 
grain by flooding. 

In Irion county, in the vicinity of Sherwood, are a number of small ditches, of which the ])rincipal are the 
Lackey and McDonald ditches, taking water from Spring creek, and Stetson ditch, taking water from Dove creek, 
both of which creeks are tributaries of Concho river, one of the branches of the Colorado river. The water, as in the 
case of the other streams, comes mainly from springs, and there is an amount ample for all present nee<ls. Alfalfa, 
grass, wheat, oats, and other grains are irrigated by flooding, while the corn, potatoes, and gardens are kept wet by 
means of furrows. It is reported that cotton is becoming a favorite crop for irrigated land, 1.5 bales or more to the 
acie being raised. At localities away from the streams water is obtained at depths of from 50 to 100 feet and is 
raised to the surface by means of windmills. The Sherwood irrigating ditch takes water from Spring creek, 2 
miles west of Sherwood, and carries it out on the south side of the creek for a total distance of about 3.5 miles. 
The width is feet, and the cost when built, in 1884, was $1,000. Water is diverted from the river by a dam of 
rock and planks. In 1880 about ^500 acres were irrigated, this area being largely in oats and sweet potatoes, 
together with gardens. In 1890 cotton was tried for the first time, three fourths to one bale per acre being raised. 

East of Irion county, and farther <lown the stream, in Tom Green county, are a few small ditches irrigating land 
above San Angelo, the principal crops being corn, cotton, oats, beans, pease, {ind minor vegetables. Farther up the 
Concho river, in Martin and Midland counties, a small amount of irrigation is carried on by means of water pumped 
from wells of a depth of 10 to 100 feet. On the Staked Plains wells of this latter depth seldom fail to find ample 
water, and the wind movement i:s sufficient to keep mills in active operation. The water is carefully controlled and 
allowed to flow into small basins around each fruit tree, or run in furrows to vegetables, so that a comparatively 
small amount is sufficient for a large area. At Marienfield projects for gr^>atly increasing the fruit area have been 
started, and there is probability that the acreage will increase rapidly. 

TRAVIS AND NEIGHBORING COUNTIES. 

In Travis and the adjacent counties of Williamson, Burnet, Coryell, Bell, Falls, and Milam there were 19 
iiTigators and a total irrigated croi) area of 364 acres. In these counties irrigation is exceptional, since crops are 
raised each year without the artificial application of water. A few small farms, however, scattered here and there 
are irrigated by means of little ditches from springs, by flowing wells, or by water pumped by windmills. The 
yield per acre is greatly increased by this means, and vegetables are raised at nearly all seasons. 

In Travis county, about 15 miles northwest of Austin, a small ditch is taken out of Cypress creek, which 
receives its water mainly from springs, and market gardens are irrigated. In Coryell county, on Leon river, 5 
miles southeast of Gatesville, the Sheridan ditch takes water from Fort Gates creek. This stream generally 
furnishes ample water, but becomes dry perhaps once in 12 or 15 years. Corn, cotton, and sweet potatoes are 
irrigated, as well as various garden vegetables. For sweet potatoes and cabbage water is used from the middle of 
Ai)ril to the middle of September at intervals of about 15 days, and for cotton from the 15th of June to the 1st of 
October at the same intervals. 

BEXAR AND NEIGHBORING COUNTIES. 

In Bexar and other counties lying southwest of Colorado river and south of San Saba river, one of its branches, 
there were 139 irrigated areas, having a total of 1,009 acres. These counties in order from north to south atre 
Mason, Llano, Kimble, Gillespie, Blanco, Kerr, Kendall, Hays, Bandera, and Bexar. As in the case of the other 
areas described, a lirge part of the irrigation is carried on by water from springs. At San Antonio, in Bexar 
county, however, waier is obtained directly from San Antonio river by means of two ditches, one on each side of 
the stream. These ditches were constructed by the early Mexican settlers, and have been controlled largely 
according to customs instituted by the first inhabitants. There are two commissioners, whose duty it is to 
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superintend the ditches on t^e east and west side of the river, to keep them clean and in repair, and to see that 
all parties entitled to the water receive their proper share. Crops are raised in the vicinity without irrigation, but 
this method of agriculture possesses the advantage of enabling market gardeners to raise vegetables throughout 
the year. There are also in the vicinity of San Antonio a number of artesian wells. 

In Hays county some water is taken from Cypress fork of Blanco river by two or more small ditches, one of which 
is useil mainly for supplying power for a mill. In this county there is reported to be a flowing well of a depth of 
131 feet 5 inches in diameter, flowing at the rate of less than a gallon a minute. In all of these counties the small 
irrigating ditches are occasionally not used for weeks at a time, since the ground often receives sufficient moisture 
from rains. Some of the farmers speak unfavorably of irrigation, saying it robs the soil of its richness, and that a 
heavy application of fertilizers is necessary. This perhaps is because the spring water used is generally very clear, 
and if employed in excess it washes away valuable mineral salts. 

In Kimble county attempts have been made to divert water from the South Llano river at a point 4 miles 
above Junction by means of a dam 7 feet high. This, however, has been injured by spring freshets, so that irrigation 
on a considerable scale has not been possible. There is a large amount of fine, rich valley land, and usually ample 
water in Little Llano river. Corn, oats, wheat, sorghum, cane, and potatoes are now raised without irrigation. 
Where water can be had four crops of alfalfa are obtained. 

VALVT'.RDK AND NEIGHBORINCr COUNTIES. 

In Valverde and the neighboring counties of Edwards, Kinney, Uvalde, Medina, Maverick, Zavalla, Dimmit, and 
Lasalle were 75 irrigated crop areas, having a total of 2,547 acres. These counties lie along and northeast of the 
Eio Grande, extending from the mouth of the Pecos to the head waters of tributaries of Nueces river, which flows 
in a general southwesterly direction, parallel to the Rio Grande, into the Gulf of Mexico. Over a great part of 
these counties crops can be raised without irrigation, but with it the yield is larger, and thei*e is greater assuranc^e 
of success. 

All of the irrigation is done by means of water from springs or from small creeks formed by these. The wat^r 
is usually clear, since it comes from limestone strata, and does not carry in suspension the fine sediment so 
valuable for fertilizing purposes. In this it differs from water from the Eio Grande, which is remarkably rich in 
silt. Great care, therefore, must be used in applying this water in order that it may not wash away valuable salt« 
already contained in the soil. The principal crops are corn, cotton, sugar cane, sorghum, wheat, oats, and hay. 
Whenever water is abundant these are iiTigated at short intervals throughout the year unless there happens to be 
an unusual amount of rain. 

At the town of Del Rio, in Valvenle county, lands are watered by means of ditches from San Felipe creek. 
Water is turned into the laterals of .shareholders for from 2 to 5 hours per share at intervals of 15 days. It is 
applied to the land usually in the old Mexican method, and since many of the laborers are •unreliable or unskilled, 
the results are not always satisfactory, the lands sometimes being washed or injured by careless application. 
Irrigated land, however, is quoted as selling at $100 per acre. In general 2 crops of corn are planted, the first in 
February or March, and the second in June. It is stated that the June corn, coming probably from Mexico, does 
better than the earlier corn. Three or sometimes 4 crops of sorghum are raised, mainly for feed. At this town 
there is a well sunk to a depth of about 430 feet. Wat^r rises within 45 feet of the top, but it is rei)orted to be 
heavily charged with mineral matter. 

In Zavalla county water is taken from the west side of the Leona river by the ditch of the Comanche Irrigation 
Company. This stream is a tributary of Frio river, which flows into the Nueces. It is fed by springs, is rnrely 
dry, but is subject to occasional floods from local rains. The dit<;li is 3 miles long, about 8 feet wide, and carries 
approximately G second-feet. Water is diverted by a permanent dam of wood, brush, and stone. Water is 
distributed to those entitled to it, each person using the full stream for as many hours as he has acres in 
cultivation. The first cost of water right was about $12 per acre, and the annual assessment 50 cents an a<;re. 
(hops in this county are raised without irrigation, but the farmers state that they can not be sui*e of more than 2 
croi>s in 3 years. 

In Frio county, east of Zavelljv, are several flowing wells. On one farm about 20 miles southeast t)f the center 
of this county, on San Miguel creek, are three, 160 feet, 2G(> feet, and 391 feet in depth, respectively, flowing at the 
rate of 5 gallons, 8.5 gallons, and 6.5 gallons a minute. The third well is on higher ground, and though much 
dee])er discharges less water than the second. In no case does the water rise more than 7 or 8 feet above the 
surface of the ground. The cost of such wells is usually $1 afoot for the first hundred feet, $ 1 .50 a foot for 
the second hundred feet, and so on, 50 cents per foot being added for each increase of 100 feet. These wells are 
usually cased with pipe from 3 to 6 inches in diameter, costing from 25 to 75 cents per foot. Still farther to the 
east, in Atascosa county, is a well 315 feet deep, in which the water rises to the top. 

In the counties of southern Texas, south of the Colorado river, flowing wells are found irregularly distributcMi 
from about the vicinity of San Antonio down to the coast. The wells in Hays, Bandera, aiul Gonzales counties 
are small and shallow, yielding only enough water for cattle. In Bexar county the wells are mainly at San 



